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THE PREPARATION AND USES OF TAR AND ITS 
SIMPLE CRUDE DERIVATIVES. 


By W. W. Opetu. 


INTRODUCTION. 


_ The importance of tar as a commercial product has been empha- 
sized during the past five or six years more than ever before. In 
that time, the market for tar and its products fluctuated in an un- 
precedented way, because of the war and other conditions, with the 
result that the production of tar and tar products increased greatly. 
A large proportion of the increase is due to the installation of by- 
product coke ovens, which are fast replacing the beehive ovens, from 
which tar and other by-products are not recovered. The increasing 
demand for steel and the shortage of anthracite coal during the war 
were a great impetus to the coking industry. In 1920 tar was being 
produced in greater quantities than ever before, but the entire out- 
put was not on the market for sale, as increasingly large quantities 
were being used for fuel. However, in some localities where the out- 
put of tar was small or was of inferior quality—particularly water- 
gas tar—there seemed to be no great demand for the product. 

This paper discusses the uses to which some of the various tars are 
put and shows briefly the usual methods of working up tar into some 
of its simple or easily prepared derivatives, for which a market can 
generally be found. Although coal tars are given chief consideration, 
the properties and characteristics of water-gas tar are mentioned, for 
the reason that this tar is often produced in plants where coal tar is 
made, the mixed tar being collected and marketed, and for the fur- 
ther reason that the presence of water-gas tar in some coal-tar prod- 
ucts is specifically interdicted by commercial specifications. This 
publication is not a handbook on tar distillation, for that subject can 
hardly be covered adequately in such limited space, but is published 
by the Bureau of Mines as a general treatise on the utilization of tar. 


SOURCES, VARIETIES, AND PRODUCTION OF TAR. 
DEFINITION. 


Different people have different ideas as to what is meant by tar; 
some regard it as a black, hard “chewable” substance which is 
shipped in open barrels and used for roofing buildings (in reality 
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this is pitch or asphalt). Others think of it as a mysterious sub- 
stance from which headache powders, colors, dyes, and other chem- 
icals are obtained. Part of the popular misconception regarding the 
chief uses of coal tar may be due to such definitions of tar as are 
given in some dictionaries. Although only a small proportion of the 
tar manufactured is actually used for making drugs, chemicals, 
flavoring extracts, and headache powders, it is not uncommon for dic- 
tionary definitions to state that tar is a black viscous liquid from 
which these and similar products are obtained. According to Web- 
ster’s dictionary: 

Tar is a thick, brown to black viscous liquid obtained by the destructive 
distillation of wood, coal, peat, and other organic materials, and having a 
varied composition according to the temperature and material employed in 
obtaining it. 

From this definition one can readily see that there is a possibility 
of producing an almost endless variety of tars by distilling substances 
of a nature similar to wood, coal, and lignite at various temperatures 
and under different conditions. It does not follow, however, that in 
order to understand tars one must have a complete knowledge of the 
chemical differences and exact chemical nature of each one. Some 
tars are quite similar in many respects, in spite of the fact that they 
are made under different conditions and contain varying amounts of 
the constituents that go to make up tar. 


CHIEF SOURCES OF TAR. 


Although it is possible to produce an endless variety of tars, the 
varieties commonly found on the market in appreciable quantities 
are few in number and may be listed under the general heading of 
tars produced as a by-product in the manufacture of combustible 
gas or coke as follows: Horizontal-retort tar, inclined and vertical 
retort tar, by-product coke-oven tar, water-gas tar, producer-gas tar, 
and oil-gas tar. 

In fact, a more general classification can be made, and the chief 
varieties of tar on the market may be classed as: Coal tar (includ- 
ing retort tar and oven tar), water-gas tar, and mixtures of coal tar 
and water-gas tar. 


COAL TAR, 


According to definition, coal tar is obtained by the destructive dis- 
tillation of bituminous coal, as in the manufacture of coal gas. New 
methods of manufacturing coal gas have been introduced in recent 
years, which in turn have resulted in corresponding changes in the 
properties of coal tar. In times gone by coal gas was manufactured 
by heating coal to 1,200 or 1,500° F. in horizontal clay retorts. 
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Later, silica retorts replaced those of clay and made possible the use 
of higher temperatures for carbonizing the coal in order to shorten 
the time of carbonization and increase the gas-making capacity of 
the plant. In other words, by using a higher temperature the coal 
could be coked and the gas obtained more quickly. Plate I shows a 
modern type of a horizontal-retort bench of six retorts and portrays 
the construction of retorts, flues, furnace, and gas offtakes or stand- 
pipes. In the past the by-products of coal were not given the seri- 
ous consideration that they receive to-day, and less attention was 
paid to the properties of tar and to the conditions governing or affect- 
ing these properties. The advent of the vertical retort brought a 
further change in the properties of coal tar, as the length of time 
that the heavy vapors distilled from the coal are in contact with the 
hot chamber walls is not the same in vertical retorts as in horizontal 
retorts. In the vertical retorts the coal is charged periodically at 
the top and the coke is removed periodically at the bottom. Plate 
IT shows a vertical section and elevation of a modern vertical retort 
system. 
BY-PRODUCT COKE-OVEN TAR. 


By-product coke-oven tar is a particular kind of coal tar. In by- 
_ product ovens coal is carbonized in greater mass and the carboniza- 
tion period is longer. Although the common gas-house practice is to 
carbonize coal in retorts for 4 to 8 hours, the average time of car- 
bonization in the by-product coke industry is 18 hours. In by- 
product ovens the coal is not heated so rapidly, but it is finally ex- 
posed to a higher temperature, resulting in the production of a 
greater volume of gas and a different quality of coke and tar. Plate 
III shows a battery of Koppers coke ovens with coke being pushed 
from one oven into the quenching car. 


WATER-GAS TAR, 


In the manufacture of carbureted water gas about half a gallon 
of tar is produced as a by-product for each thousand feet of gas 
made. Coal is not the source of this tar, however, as it is not the 
common practice to use coal as fuel in the manufacture of water gas, 
for this gas is produced by forcing steam through a body of incan- 
descent coke rather than coal. The steam is decomposed and reacts 
with the carbon, with the resulting production of carbon monoxide 
and hydrogen. The gas usually produced is not rich enough in 
iluminants to meet most standards for city gas and has to be en- 
riched by carbureting, that is, by spraying oil into the gas in cham- 
bers containing red-hot checker bricks. The high temperature 
volatilizes the oil, and fixes it as a gas. Some heavy vapors formed 
in oil carbureting are not permanent gases but condense out of the 
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gas on cooling. The liquid so condensed is known as water-gas tar. 
Plate IV shows a complete carbureted water-gas set. 

The properties and nature of water-gas tar naturally vary accord- 
ing to the temperature of the checker-brick chambers in which the 
oil is cracked or gasified, the rate at which oil is admitted to these 
chambers, the kind of oil used, the size of the checker-brick chambers, 
and other variables. 

PROPERTIES OF TARS. 
COAL TAR. 
RETORT-GAS TAR. 


Retort-gas tar, which is obtained as a condensation product in 
hydraulic mains, scrubbers, and condensers in the manufacture of 
illuminating gas by the carbonization of bituminous coal in retorts, 
is a black viscous liquid that contains less of the lighter hydrocarbons 
and more anthracene, naphthalene, heavy hydrocarbons, and free car- 
bon than the tars from some other sources. The specific gravity 
(weight per unit of volume compared with weight of an equal volume 
of water) of water-free retort-gas tar ranges from 1.10 to 1.25, ac- 
cording to operating conditions in the plant and the kind of coal 
used. Usually a tar of the higher specific gravity is more viscous 
and less free-flowing than tar of the lower specific gravities. The’ 
so-called “ free-carbon ” content varies considerably. Tar from hori- 
zontal retorts usually contains 18 to 30 per cent of free carbon, 
whereas vertical-retort tar usually contains less than 5 per cent, and 
much of it as low as 0.4 of 1 per cent. Tar from inclined retorts does 
not differ widely in this respect from the product of horizontal re- 
torts, the free carbon content being 12 to 20 per cent. Although 
it may be said, in general, that these tars have much the same 
constituents, but in varying proportions, it is to be noted that the 
horizontal-retort tar with a high specific gravity and high free- 
carbon content yields an appreciably greater percentage of pitch or 
hydrocarbons having a high boiling point. Tar obtained by car- 
bonizing coa] at low temperatures differs considerably from ordinary 
retort tar in both chemical and physical properties, and is in some 
respects much like a mineral oil, although its acid content is very 
high. So far as the author knows, this kind cf tar is not being pro- 
duced commercially in large quantities, and is mentioned here merely 
to point out the effect of the temperature of carbonizing on the re- 
sulting tar. 

Differences between the various tars are in great measure due to 
the rate, duration, and completeness of heating of the coal, the 
amount of exposure of the tarry vapors to hot brick or coke surfaces, 
the temperature of these walls, and the exposure of the vapor to the 
final temperatures reached in the coking chamber. All of these par- 
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ticulars are considered in the design of chambers or retorts for cok- 
ing coal. Euchene’s experiments in carbonizing coal in horizontal 
retorts have shown that a large proportion of the tar produced comes 
over in the early stages of carbonization. His results, given in the 
following table,! were obtained when the final average temperature 
in the carbonized fuel was 950° C. (1,742° F.). Considering the 
rate of decomposition of the coal to be proportional to the totals 
given in the table, the amounts decomposed from the first to the last 
hour are approximately represented by the figures 40, 30, 20, and 11. 
The tar produced is not proportional to these figures, for the reason 
that during the later stages of carbonizing, the tar formed in the 
inner zone of coal has to pass through a zone of hot coke, where 
much of it is decomposed. Thus one can see that the size and shape 
of the retort and the manner of removing the gas—which affect de- 
composition—affect the yield and quality of tar. 


TaBLeE 1.—Tar, water, and gas produced during carbonization. 


First 
hour. 


Second | Third 
hour. | hour. 


Fourth 
hour, 


Products. Total. 


The vertical retort tar is thinner, has a lower specific gravity, and 
contains less free carbon and more tar acids than the tar from 
horizontal retorts. 

BY-PRODUCT OVEN TAR. 

By-product oven tar is less viscous; is lighter in weight—that is, 
has a lower specific gravity; contains more oils, less pitch, and less 
free carbon than the tar from horizontal retorts; and in some re- 
spects is much like the tar from vertical retorts. Table 2 shows the 
relative properties of the various coal tars: 


TABLE 2.—Propertics of coal tars. 


Gas-works coal tars. 


| Coke-oven 
Properties. 
Horizontal, Inclined Vertical tars. 
retorts. retorts. retorts. 
Specific gravity at 60° Fo... 2.2... eee e cece eee e eee 1,20 to 1.25 | 1.10 to 1.20 | 1.10 to 1.15 | 1.17 to 1.22 
Viscosity.........- Eb se dccngelana Latesuessdpladaa foe Teet High. | Medium. Low. Low. 


Free earpone (insoluble in benzo! 


astaecas per cent.. 18 to 30 10 to 20 0.4to05 2to 12 
Distillate, per cent by volume, on 


illing toa medium 


grade of pitch.......... Se 20 to 30 25 to 35 30 to 40 25 to 35 
Per cent of pitch by volum ses. 70 to 80 65 to 75 60 to 70 65 to 75 
Tar acids .-per cent... 1.6103 | 3 tod 7to8 0.4 to 25 


t 


a The so-called free carbon, which is a constituent in varying quantities of all tars, is not pure carbon, 
as the term might lead one to think, but consists of complex relatively insoluble carbon compounds con- 
taining approximately 94 to 95 per cent of carbon. 


1 Wagner, F H., Coal and coke. New York. 1916, p. 293. 
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WATEB-GAS TAR. 


Water-gas tar has an entirely different origin from coal tar and, 
in addition, differs from coal tar both physically and chemically. In 
appearance, however, it is much the same, except that it is much more 
fluid; that is, it has the consistency of water or oil. When a small 
quantity is rubbed between finger and thumb in a thin layer, it 
appears to be brown to black. Its specific gravity is very nearly the 
same as that of water, but when free from water, the specific gravity 
may be as high as 1.15. Water-gas tar from small gas plants where 
the gas is produced intermittently varies more, both in composition 
and in physical properties, than in the larger plants where opera- 
tion is continuous. Tars with specific gravities little greater than 
that of water (1.00) are not separated from water as readily as the 
heavier tars. Frequently, water-gas tars are found that carry con- 
siderably more than 50 per cent of water. Such a fluid is, to be 
specific, an emulsion of tar and water, yet in appearance it is tar. 
Water-gas tar contains compounds known as paraffins which are not 
present in coal tar. It is further distinguished from the latter by its 
not containing any appreciable amount of tar acids. Free carbon is 
seldom present in amounts greater than 1 to 4 per cent. 


RAW AND REFINED TARS. 


Raw tar is tar as collected at the works; it contains water in vari- 
ous proportions and frequently small amounts of ammoniacal liquor. 
For most purposes it is desirable that the tar be freed from both of 
these ingredients, hence it is usually sold to consumers in other 
than the raw state. 

Refined tar has had these ingredients removed by the application 
of heat. In some plants the tar is heated in vertical tanks by a coil 
immersed near the bottom; then it is drawn off from the bottom 
and sold as refined tar. The tar thus treated is not free from water 
or ammonia but is, perhaps, more suitable for most purposes than 
the untreated tar. When tar is heated in a closed tank until the 
water, ammonia, and crude naptha or “ first runnings ” are removed, 
the remaining tar might more properly be termed “ refined tar.” 
For certain uses it is desirable to continue the heating a little longer, 
volatilizing and removing more of the lighter oil constituents of the 
tar; the resulting heavy tar is also called refined tar. When it is 
purchased in quantities and when the particular use to which it is 
going to be put is known, the tar is usually refined to suit a given 
specification. 

Boiled tar is a name often given to tar that has been refined. 
The custom prevailed at one time of boiling tar in open vessels 
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(usually in small quantities of less than 1,000 gallons) with con- 
stant stirring, the heating being stopped when the tar had the con- 
sistency desired for any particular purpose. The wastefulness of 
this practice and the danger from fire, and the small quantity that 
could be treated at a time have led to the adoption of more suitable 
means of refining. 

Tars that have been refined are heavier and more viscous than raw 
tar, their viscosity depending on the degree of refining. When re- 
fined only to the point where the water is completely expelled, the 
tars have the relative viscosities given in Table 2. When refining 
is continued until a large proportion of the oil constituents of the 
tar have been vaporized and removed, the resultant product is no 
longer called refined tar but distilled tar, or pitch. 


TAR DISTILLATION. 


According to Webster’s dictionary, distillation is “the operation 
of driving off gas or vapor from liquids or solids, as by heat, in a 
retort or still, and condensing all or some of the products in a cool 
receiver or condenser.” It follows tar distillation means the appli- 
cation of heat to tar contained in a still, whereby vapors are driven 
off and condensed by coming in contact with cool surfaces or con- 


densers. 
METHODS. 


The simplest way to distill tar would seem to be by means of a 
direct fire placed beneath a closed tank having a take-off for the 
vapors and a means of cooling and condensing them. A pipe con- 
nected to the top of the still, large enough to carry off the vapors 
as they are formed, is a simple equipment for removing them. When 
a part of this pipe is cooled, as by immersion in cold water or by a 
water spray, the vapors condense to a liquid and the part of the 
pipe being cooled is called the condenser. 

Essentially this method is commonly employed for distilling tar 
at present. Improvements are frequently made in furnace design 
for efficient heating of the still, and numerous changes in stills have 
been suggested from time to time. Various methods have been de- 
vised for cooling the distilled vapors, some of which utilize the 
heat given up on condensing to preheat the tar to be distilled. Other 
improvements have been made in the process during its evolution, 
but the fundamental principles are generally utilized in a very simple 
way. 

When heat is applied to tar contained in a still, the first change 
that takes place is the volatilization of the very light oils and the 
water contained in the tar. These vapors pass out through the off- 
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take and are cooled in some suitable and convenient manner. On 
condensing to a liquid, the light oil and water can easily be separated. 
As more heat is applied, heavier vapors (the vapors of oils having a 
higher boiling point) distill off. The application of heat can be con- 
tinued until finally the volatile oils have all been evaporated and only 
carbon or coke is left in the still. The oils that distill off from the 
tar in this manner increase in density (specific gravity) from the 
beginning to the end of distillation. The character of the residue in 
the still depends on the extent of distillation; that is, if it is carried 
to completion, the residue is coke; if the distillation is stopped before 
all the heavier fractions are vaporized and driven off, the residue is 


XQ MGGQ J 


BWC 


WN 
N 
\ 
N 
N 
N 
\ 
N 
\ 
N 
N 
N 


Yj 


ALLL AAALAC 


Fieurp 1.—Tar still, common boiler type: a, Steam inlet; b, air inlet; c, tar inlet; 
d, vapor offtake leading to condenser; e, pitch offtake leading to cooler. 


pitch. The more oil left in the residue, the softer is the pitch, and 
vice versa. 

Distillation may be carried on in various ways. One of the most 
common types of stills used for this purpose in the United States is 
a cylindrical horizontal steel shell set in brickwork to protect it from 
direct contact with the flames, as shown in figure 1. Provisions are 
made for admitting the tar, removing the vapors, and withdrawing 
the residue or pitch. A safety valve prevents explosions if the off- 
take or condenser coils become choked. Air and steam jets are also 
shown in the figure and are used to finish the distillation after the 
lighter fractions have distilled off. , 
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In Europe, the vertical still is said to be more generally used. 
This type, shown in figure 2, consists of a vertical shell of about the 
same diameter as height, with a concave bottom, set similarly over a 
brickwork furnace, and having an arch protecting the bottom from 
the direct action of the fire. The vertical still requires less fuel, and 
time to distill a definite amount of tar, chiefly because of the increased 
heating surface exposed to the hot gases from the furnace. In the 
horizontal type, slightly less than half of the cylindrical surface of 
the still is heated. 

Another still, regarded with favor by some of the companies 
operating large plants, is a modification of the horizontal boiler 
type. Large flues pass through the tar lengthwise and the waste- 
furnace gas—burned gas— 
passes through these flues be- 
fore it enters the stack. The 
superiority of this still is due 
chiefly, but not entirely, to the 
increased heating surface—in- 
creased for a given size shell— 
provided by the flues. 

Processes, some of which are 
in use, have been developed for 
the continuous distillation of 
tar. The Hird and Wilton sys- 
tems? are said to be very satis- 
factory. Hird’s process utilizes 
four stills at once, but only a 
part of the distillation is done 


I 5 z Ficure 2.—Vertical tar still, European type: 
In any particular still. The a, Tar inlet; b, man-hole; ¢, safety valve; 


lighter fractions are removed d, distillate offtake; e, steam inlet. 


from still 1, the next heavier fractions from still 2, and the final frac- 
tions and the remaining pitch from still 4. An arrangement of baffles 
compels the tar in going through a still to pass in a circuitous manner 
from inlet to outlet. Before entering still 1 the tar is heated by the 
sensible heat of the pitch; that is, the tar passes through pipes within 
the pitch coolers before entering that still. In the Kubierschky sys- 
tem,’ another continuous process that has attracted some attention, the 
tar is blown into the still in a spray. Superheated steam blown from 
below comes in direct contact with the tar. The distillation 
progresses in stages in a series of chambers. 

?Chambers, E. V., Tar dehydration: Jour. Gas Lighting, vol. 182, 1915, pp. 261-264; 
Livesey, Frank, Some notes on the partial distillation of tar in a Wilton’s continuous 
still: Pp. 373-375; Wardell, R., Notes on tar dehydration: Pp. 375-377. 

*Borrman, C. H., Tar—New methods used in washing and distilling liquids: Ztschr. 


angew. Chem., Jahrg. 28, 1915, pp. 377-880, 381-388; Jour. Soc. Chem. Ind., voi. 34, 
1915, p. 1232. 
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SEPARATION OF TAR FROM WATER—DEHYDRATION. 


When tar condenses from illuminating gas there is condensed 
simultaneously a considerable amount of water. As it is desirable 
for obvious reasons that the tar be as free from water as possible, 
a means of making this separation is usually provided at all plants 
producing tar. 

METHODS. 


The simplest method of separating water is the “settling method,” 
in which quantities of tar are allowed to settle in undisturbed tanks; 
the tar, being of higher specific gravity, settles to the bottom below 
the water. At some plants tar is heated to facilitate the separation, 
heating being particularly advantageous with tars of high viscosity. 
This method of separation does not afford complete dehydration of 
the tar; in fact, coal tar so treated contains 2 to 8 per cent of water, 
depending on the time of settling, temperature, nature of the tar, and 
other factors. Water- 
gas tar may retain 40 per 
cent or more water. 

One kind of apparatus 
used for the continuous 
separation of tar is the 
baffle-plate separator, 
illustrated by figure 3. 

The tar and water are 
admitted at a and the 
speed of flow is so regu- 
lated that the effluent at 
c is water free from tar and the effluent at d is tar with some retained 
water. 

A method by which tar can be almost completely freed from water, 
although at great expense. consists in spraying the tar over heated 
surfaces in a vacuum. The vapors are condensed and the small 
amount of light oil driven off with the water is recovered. By 
this process, it is claimed‘ the water content in tar can be reduced 
to less than 0.5 per cent. 

Tars with specific gravities approaching that of water can not 
be separated from the retained water by settling, but can be suc- 
cessfully freed by the centrifugal method, whereby the water con- 
tent can be reduced to less than 1 per cent. The centrifuge is 
operated at a speed of 3,000 to 17,000 revolutions per minute.. This 
method is best adapted for the dehydration of water-gas tar. 


Ficurp 3.—Baffle-plate tar separator: a, Tar and 
water inlets; b, tar offtake; c, water overflow. 


*Perry, R. P., Tar distillation in the United States, general development and recent 
progress: Sth International Congress of Applied Chemistry, vol. 10, 1912, p. 242. 
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Centrifuging removes part of the free carbon which adheres to the 
wall-of the separator (centrifuge) and must be periodically removed. 

In the Feld system of fractional separation the dehydrated tar 
products are separated directly from the gas by cooling and con- 
densing. The process provides a progressive cooling and washing 
of the gas, with a progressive drop in temperature whereby the heat 
of the gas is utilized for separating the various tar products. 


OPERATION AND CONTROL. 


Tar is distilled in order to obtain more useful and valuable 
products. In determining what fractions of distillation are to be 
separated or where to make the “cut,” it is necessary to know the 
relative value of the different fractions, the market conditions, and 
just how much or how little can be included in a particular frac- 
tion that is made for a special purpose or to meet a given specifica- 
tion. Such determination is not as difficult as it may seem, for the 
primary fractions customarily separated are not very numerous and 
the specifications for many of them are not so exacting but that 
they leave considerable leeway for the distiller. The value of, and 
demand for, the several fractions vary in different parts of the 
country, and it is natural in separating the most valuable fractions 
(to meet specifications) to include in them all the distillate that the 
specifications will permit. Distillers have often found that some one 
or more of the products of distillation is not readily salable. This 
lack of demand has been one of the pressing causes for investigation 
into the various uses for tar products, and into the possibility of 
changing the nature of such products by chemical or other means, 
in order to obtain more valuable and more salable materials. That 
the net result of all the studies of tar and its products was a great 
success is shown by the large number of intermediate and finished 
products derived from tar that are on the market. 


ONE METHOD OF DISTILLATION, 


One method of distilling and separating fractions is as follows: 
After the still is filled from one-half to two-thirds full with warm 
settled tar, and all the cocks are closed, only the main offtake being 
open, a fire is started in the furnace beneath the still. This fire is 
not forced but—quite the contrary—a heavy fire is avoided at this 
stage. As the tar heats, water is vaporized and condenses in the con- 
denser. With this water is a small amount of a very light (low 
specific gravity) oil which is usually called crude naphtha, but in 
some works it is termed crude benzol. The mixture of oil and water 
continues to come over until all the water has been distilled, the frac- 
tion containing considerably more water than oil unless the tar has 
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been dehydrated previous to distillation. This mixture—oil and 
water—is referred to as “first runnings.” The more water there is 
in the tar, the greater is the tendency of the liquid to froth and boil 
over and the greater the necessity of keeping the fire low and under 
perfect control. As the distillation of this fraction proceeds, the pro- 
portion of water in the distillate decreases and the proportion of oil 
increases. 

After the first runnings are “over,” that is, when water no longer 
appears in the distillate, a “change” is made and the oil coming over 
is run into another container reserved for “light oil.” When this 
change is made the oil, which usually has a light lemon color and is 
clear, runs more smoothly from the condenser in a steady stream. 
The specific gravity of the oil coming over at the time the first change 
is made is approximately 0.965, but sometimes the change made is at 
0.950 specific gravity and just before the water has all distilled over. 
The mean specific gravity of the first fraction, “crude naphtha,” is 
0.905 to 0.920 at 60° F., varying with different tars. The distillate 
coming over as the second or light oil fraction has a specific gravity 
lower than 1.00 at 60° F. In fact, the second change is not usually 
made until the oil coming over has a specific gravity of 1.00 at 60° F. 
The mean specific gravity of the light oil is between 0.960 and 1.00, 
these being the specific gravity limits between which the light oil is 
usually separated, and is not much more or less than 0.985. 

An oil heavier than water is collected after the second change is 
made, when the oil coming over has a specific gravity equal to 1.00 
at 60° F, This is called carbolic oil, as it contains most of the car- 
bolic acid that distills over, its odor is sharper and more penetrating 
than that of the lighter fractions, and its color is a deep yellow or 
light amber. It is collected as carbolic oil until its specific gravity 
reaches 1.025, or sometimes 1.03, at 60° F. The specific gravity of 
the whole fraction is close to 1.015. Considerable solid matter usually 
crystallizes on cooling and standing. The solid matter, chiefly 
naphthalene, is yellow and rather granular and loose as it first forms, 
but on slow cooling or long standing the mass frequently has the 
appearance of brittle wax. This fraction as a whole can be pumped 
before it has stood too long or has become too cold; in the latter 
event it must first be heated, preferably with a steam coil. 

As solid matter crystallizes from this fraction on cooling, the 
water in the condenser must be allowed to become warmer in order 
to avoid “ plugging” or “ choking.” This warming is accomplished 
by merely decreasing the supply of feed water to the condenser. 

The next or fourth fraction to come over is called “ creosote,” 
“ dead oil,” or “ heavy oil,” and is usually the last fraction separated. 
It is not always the last fraction, however, for sometimes an an- 
thracene fraction, otherwise included in the creosote, is collected. 
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The properties of “ creosote ” depend largely on the completeness of 
the distillation. When soft pitch is desired as a residue from dis- 
tillation, the volume of creosote will be smaller and there will be 
usually but a small amount of solid matter crystallizing from it at 
ordinary room temperature (60° to 70° F.). If hard pitch is made, 
the volume of this last fraction is greater, as the distillation is carried 
further, the distillate coming over during this later stage being 
chiefly solid at 60° F.; hence the proportion of solids in the creosote 
is greater when the distillation is carried to a hard pitch. The color 


Fieurp 4.—Pitch-cooling tank used in small plants: a, Draw-off valve; b, steam coll; 
c, steam inlet to coil. 


of the first part of the creosote fraction is amber, gradually chang- 
ing as distillation proceeds to a dark amber or amber red. The solid 
part, if collected separately, is greenish brown or olive and greasy. 

The residue in the still—pitch—is drawn off and then cooled in a 
cooling tank (see fig. 4) to a temperature suitable for barreling. 
This tank is covered to keep out rain and snow and has a steam coil 
for heating the pitch, in case it should become too cold before bar- 
reling. The pitch is then drawn off into tight, dry, open-headed bar- 
rels, in which it solidifies on further cooling and in which it is usu- 
ally shipped. In the larger plants, however, where a very hard 
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grade of pitch is made, the latter is generally drawn off into a spe- 
cially provided pool in the open air where it is stored. 

When a distillation is made to a soft or a medium pitch and the 
fractions separated as described the following yield may be antici- 
pated: 


Coal tar: 

1. First runnings— Per cent by volume. 
Waterss s- sss ese ar aoe oS ne ea nek acesces atone lto 6 

Orudeé “naphtha s-= 2522-2 eects Se ek eee 1to 2 

Ml BNt NOUS oe no coe ek ee ES ee TE tS lto 4 

on Carbolic Gil (middle)... so2 hae Se ea cee keene eas 5 to 10 

4: Creosote oll (heavy: oll).2222-2.2.: scessi5 0 see eect scemse 10 to 22 

Oe Pitchios = os. Sentga ne Sa ee te ee ee eS 60 to 80 

6. Uncondensed gases and other losses_---------------------_---- lto 2 
Tota liceS= ss ee ew se enepeescoseesk-ssadpe sees Uta ees 100 


In the figures for the yield of oils just given, no deductions are 
made for solids that crystallize out on cooling. 

The change in properties of the fractions on distillation proceeds 
gradually. There is no sharp mark of distinction between the oil 
that comes over at the end of one fraction and that which comes over 
at the beginning of the next. The number of fractions or “cuts” 
to make is determined by the distiller, who, in order to sell his 
products, must be guided by the demands or requirements of his cus- 
tomers. If the raw distillates are to be utilized in the preparation 
of manufactured products at the distillery, that portion of a distil- 
late best suited for a given purpose is separated as a distinct fraction. 
If, for example, there is no particular use or market for carbolic oil, 
but there is a demand for creosote or oil heavier than carbolic, it 
may be possible to sell the total heavy oil collected as one fraction 
and thus eleminate the necessity of separating and storing a middle 
oil fraction. Other similar considerations arise in the operation of 
a tar distillery and the cuts are made in accord with prevailing con- 
ditions. 


THERMOMETERS AND PYROMETERS. 


When distillations or analyses are made in a chemical laboratory, 
the fractions are separated according to the temperature of the 
vapors leaving the retort or still. This is also the proper way to 
make cuts of a distillation in a plant still, but it is not employed in 
many of the smaller plants and in fact is not necessary. 

Practically all stills are equipped with thermometers, which are 
used when tar is first distilled and when special fractions are sepa- 
rated. However, when only one kind of tar is used the operator soon 
finds that the volume, color, and smell of the distillate show him when 
to make a change. If the distillations are all of one given tar under 
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approximately the same conditions, the volumes of the different frac- 
tions do not vary from one distillation to another. The chemist, 
distilling tar in laboratory flasks, knows between what temperature 
limits a given compound or class of compounds will come over. He 
can, therefore, define the temperature limits between which any or all 
the fractions will distill if he knows what the fractions are to be used 
for or what their specifications are. In plants where the fractions 
are separated in various ways and where many different tars are 
distilled it is essential that the operation of the still be governed by 
laboratory tests. Such tests will avoid many mistakes and perhaps 
some accidents. 

It has been demonstrated by such tests and by actual works tests 
that some coal tars may be distilled, with the temperature as a guide, 
the fractions separating as follows: 

1. Crude naphtha and water__-------~----------------__-- 


° 
2» Light -Ollies <5 32452 ot see cw ssc ee esses se ess * To 210° C. 
8. Carbolie: oll). 2-<-525>24552 20) ose csc beens eens 210° C. to 240° C. 
A COROOROTE “Olle Se oso oeent sap ssece ans ooe decease ete 240° C. to 270° C. 
Anthracene Olli <as0352 Sots ssh t tne ee a ee Above 270° C. 


The final end point where the distillation should be stopped can 
not be foretold in a way that will apply exactly to all tars, the 
point being determined by the quality of hard or soft pitch that is 
desired. For a medium grade of pitch, such as is used by roofers, 
the firing is stopped when the odor, which is noticeably different 
toward the end of the “run,” is more pungent and like ammonia. 
The heat of the brickwork will carry on the distillation, though 
slowly, for one-half hour to one hour. The specific gravity of the 
oil coming over last is usually 1.10; but when hard pitch is made, 
the specific gravity is 1.14. A satisfactory way of ascertaining the 
correct end point is to distill a small quantity of the tar in a labora- 
tory still, observing the change in properties, odor, and color of the 
oil toward the end of the run, the total volume of distillate, the 
properties of the pitch residue, and the temperature. After an op- 
erator has made a number of distillations of a given tar he can de- 
termine the end point and end the distillations uniformly. 

Another guide in determining the end for the distillation is a 
sample of the pitch remaining in the still. When a sample of this 
pitch is drawn it should be cooled as rapidly as possible to prevent 


‘excessive loss of vapors from its surface. Care should be taken 


to avoid the sticking of the valve through which the sample is 
drawn, for if a large quantity of hot pitch is let out in contact with 
air it is apt to take fire spontaneously. 
5 Centigrade and Fahrenheit degrees are referred to frequently in this paper, since both 
are used commercially. A method converting one to the other follows: 
Degrees Centigrade=5/9 (Fahrenheit tempcrature—32). 


Fahrenheit temperature-=9/5 (Centigrade temp.) + 32. 
O° C.—_=32° F, and 100° C.=—212° F, 
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When hard pitch is made by mistake, it is frequently “ cut back ” 
by adding to it in the pitch tank enough of the last fraction removed 
by distillation to give a soft or medium pitch, as desired. When 
the distillation has not been carried too far, “cutting back” can be 
done without seriously affecting the quality of the resulting pitch, 
but the practice is objectionable and should be avoided when pos- 
sible.. If the distillation has been carried too far, “ cutting back ” 
will not remedy the error and a good quality of pitch can not be 
made. In fact, if the distillation is continued until the residue is a 
honeycombed carbonaceous mass, pitch can no longer be made from 
it; the residue—coke—will have to be chopped out of the still. 


USE OF SUPERHEATED STEAM. 


During the last stage of distillation the vapors formed in the 
still are very heavy and have a decided tendency to condense and fall 
back into the distilling tar or pitch. The more this takes place the 
greater is the tendency for the heavy hydrocarbons to “split up,” 
crack, or decompose into lighter hydrocarbons and carbon. Thus the 
pitch may be expected to contain more free carbon than that origi- 
nally present in the tar. In order to hasten this part of the distilla- 
tion without increasing the temperature unduly and without forcing 
the fire, superheated steam is generally used in large works. By 
using steam the fire can be withdrawn earlier and there is not so 
much heat stored in the bricks at the end of the distillation; the 
danger of damage to the still and the tendency of hydrocarbons to 
“ crack” and increase the carbon content of the pitch are both de- 
creased, and the distillation can be more quickly terminated. The 
net result is better control of the quality of the pitch residue. 

The superheated steam for this purpose is admitted to the’ contents 
of the still in small jets, which play against the bottom or the part 
of the wall exposed most to the action of heat. It is first blown in 
(for finishing the distillation) toward the end of the creosote frac- 
tion or when the temperature recorded is 270° C. Steam that is 
ander 50 to 60 pounds of pressure and superheated to 275° C. is satis- 
factory. The greater the total heat of the steam, the less of it is 
required to distill a given amount of oil. ~ 

Both air and inert gases have been utilized to aid the distillation © 
of tar; in addition, they have been used with steam. As use of the 
three at one plant is not common practice in this country it will not 
be discussed here. In large plants in the United States air is some- 
times used with steam during the latter part of the distillation and 
the free-carbon content of the resulting pitch is said to be reduced 
4 to 5 per cent. The volume of air used is slightly less than 30 cubic 
feet per gallon of tar distilled. 
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A vacuum method, involving evaporation under reduced pressure, 
has been successfully used in the distillation of tar. This is de- 
scribed in “Coal tar and ammonia,” by George Lunge.* Some of 
the advantages of this process are: 

1. Distillation can be made more rapidly. 

2. Heavy vapors have practically no tendency to condense within 
the still and fall back into the distilling liquid. 

3. The danger of clogging the offtake pipe is practically elimi- 
nated. 

4. The loss of ammonia and condensable tar vapors is decreased. 

5. The quality of the distillates is said to be improved. 


SPECIFIC GRAVITY. 


Crude tar distillates are often judged by the specific gravity test. 
Moreover, the different fractions formed by distillation are usually 
separated as the specific gravity of the oil changes. It is necessary to 
make use of specific gravity tests so frequently that a definition of the 
meaning of the term is perhaps warranted here. 

Specific gravity is the ratio of the weight of any volume of one 
substance to the weight of an equal volume of another substance 
taken as standard, both substances weighed under the same condi- 
tions. As water is the standard commonly used for liquids and solids, 
its specific gravity is 1.0. If a container with a capacity of 2 pounds 
of water is filled with oil and the oil weighs 2.25 pounds, the specific 
gravity of the oil would be %43=1.125. In other words, the oil is 
approximately 14 times as heavy as water. 

When the specific gravity of a substance is known, the weight of 
any given volume can be quickly calculated, and when the weight 
of a known volume is given it is a simple calculation to find its 
specific gravity. The weight in pounds of any known volume of a 
substance is roughly equal to the product of 8.33 times the volume in 
cubic feet times the specific gravity times 7.48. The figure 8.33 rep- 
resents the approximate weight of 1 gallon of water under standard 
conditions, and there are 7.4805 such United States gallons in a cubic 
foot. These figures and calculations involving them are in frequent 
use by the tar distiller. 

In order to avoid the necessity of weighing liquids and calculating 
the specific gravity therefrom, the hydrometer is universally used. 
This is an especially prepared float comprising a hollow glass instru- 
ment (see fig. 5, p.23) with graduations on the narrow stem reading in 
terms of specific gravity or the equivalent degrees Baumé. The 
principle of the hydrometer is that a floating body rides higher in a 
heavy liquid than in a lighter one. In using this instrument, it is 


* Lunge, George, Coal tar and ammonia. London. 1916, vol. 1, p. 464. 
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desirable to have the eye on a level with the surface of the liquid 
when the reading is taken. 
Such instruments as are used in a tar distillery are generally based 
on the specific gravity of water being equal to 1.0 at 60° F. (15.6° C.). 
Table 3 shows the relation of the different hydrometer readings 
for heavy liquids and for liquids lighter than water. 


TaBLe 3.—Equivalent Baumé degrees and specific gravity at 60° F. (15.6° C.). 


For liquids heavier 


For liquids lighter 
than water. 


than water. 


Specific | Degrees 


Specific | Degrees 

gravity. | Baumé. | gravity. | Baumé. 
1.00 0.0 | 1.00 10.0 
1.01 1.4 . 99 11.4 
1.02 2.8 98 12.9 
1.03 4.2 97 14.3 
1. 04 5.6 +96 15.8 
1.05 6.9 95 17.4 
1.06 8.2 94 18.9 
1.07 9.5 +93 20.5 
1.08 10.7 +92 22.2 
1.09 12.0 91 23. 85 
1.10 13.2 -90 25. 55 
1.11 14.4 89 27.3 
1.12 15.5 88 29.1 
1.13 16.7 87 30.9 
1.14 17.8 - 86 32.8 
1.15 18.9 +85 34.7 
1.16 20.0 Bt 36.7 
1.17 21.1 83 38.7 
1.18 22.1 -82 40.7 
1.19 23.15 81 42.8 
1.20 24. 20 - 80 45.0 
1,21 25.2 79 47.2 
1.22 26.15 «78 49.5 
1.23 27.1 77 51.8 
1.24 28.1 +76 54.2 
1.25 29.0 75 56.7 
1. 26 2.9 74 59.2 
1.27 30.8 +73 61.8 
1.28 31.7 .72 64.45 
1,29 32.6 afl 67.2 
1. 30 33.5 +70 70.0 | 


It is important that the temperature at which the specific gravity 
is taken should be noted and necessary corrections made. Occasion- 
ally, the specific gravity at 60° F. is desired of a product that is not 
entirely liquid at that temperature, or a determination must be made 
rapidly and at a higher temperature, as at the still, in which event 
allowance must be made for the expansion—increased volume—of 
the oil at the higher temperature. A similar correction must be made, 
in the opposite direction, when the determination is made at tem- 
peratures lower than standard (60° F. or 15.6° C.). The correction 
for each degree above or below this temperature is 0.0008 for each 
degree centigrade and 0.00044 for each degree Fahrenheit. The total 
correction is to be added to the observed reading when taken at tem- 
peratures higher than 15.6° C. (60° F.) and subtracted when taken 
at temperatures lower than 15.6° C. (60° F.). Thus, if the hydrom- 
eter reading at 85° F. (25 degrees above 60° F.) is 1.06, the true 
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specific gravity at 60° F. is 1.06+ (250.00044) or 1.06+-0.01100= 
1.071. These correction factors are taken from Church," and are for 
tar distillates only, as other oils have different factors, and although 
not absolutely exact, it seems to be as reliable a figure as any that can 
be applied to tar oils generally. 


USES OF TAR AND ITS SIMPLE DERIVATIVES. 


TAR. 


Many uses have been found for raw or dehy- 
drated coal tar. In fact, these are so numerous 
that there is no longer an excuse for throwing 
tar away or disposing of it wastefully. Some 
of the uses for tar and preparations in which it 
is employed are as follows: Timber preserving, - 
fuel, tarred felt, paint for stone, brickwork, and 
iron, road-construction material and road-dust 
settler, waterproofing compounds for cement and 
for roof paint, germicides, and miscellaneous 
special preparations. 


TIMBER PRESERVING. 


For many years coal tar has been used exten- = 
sively as a timber preservative; its antisep- pours 5.—Hydroweter 
tic and preserving properties are recognized method of determin- 
throughout the world. Tar prevents decay Baan 
not only by its antiseptic properties but also by its waterproof- 
ing qualities, whereby the pores of the wood are filled. It 
is used to preserve fence posts, telephone poles, and heavy build- 
ing timbers, and for such purposes is applied with a brush or 
the timbers are dipped in hot water-free tar. By far the 
largest proportion of the tar used for preserving timber, how- 
ever, is mixed with creosote oil. Large quantities of mixtures of 
this nature are used annually to treat paving blocks, railroad ties, 
crossarms, and telephone poles. The brush method is not as common 
for this purpose as the closed-tank pressure method, wherein the ac- 
tual absorption of the preservative is many times greater. Although 
it is generally understood that some of the tar distillates are 
superior to tar for preserving timber (especially when the propor- 
tion of free carbon in the tar is high), the difference in first cost 
favors tar. 


7 Church, 8S. R., Methods for testing coal tar and refined tars, olls, and pitches derived 
therefrom: Jour, Ind. and Eng. Chem., vol. 3, 1911, p. 232. 
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When used for treating timber the tar should be hot and free from 
water, and to obtain the best results the timber treated should be as 
dry as possible, as the absorption and penetration is considerably 
greater under these conditions than when the wood is wet or moist. 
The penetration into the wood is not so great with tars with a high 
content of free carbon as with those of a low free-carbon content. 

The amount of preservative required per unit of area with the 
brush method is greater for tar than for tar distillates. The exact 
amount can not-be stated by a figure universally applicable, because 
the condition and kind of wood, as well as the quality and kind of 
tar, affect the results. However, it can be said that a gallon of hot 
tar will cover approximately 200 square feet of the surface of smooth, 
dry poles. More tar is absorbed by dry, rough-sawed timber, and a 
gallon of hot tar will cover 150 to 200 square feet of such surface. 


FUEL, 


Although the high heating value of tar has long been recognized, 
it is only in recent years that tar has been successfully utilized as 
fuel, partly because of a lack of understanding of the:nature of the 
conditions under which tar can be burned satisfactorily. These con- 
ditions have been thoroughly studied® not only with reference to 
the best type of burner but to the efficiencies of operation obtain- 
able with different burners. 

The combustion space required, draft, and other factors affecting 
the burning of tar as fuel have likewise been investigated, and the 
results have had important bearing on the utilization by combustion 
of tar and tarlike substances.* The heats of combustign of coal, tar, 
and fuel oil, expressed in B. t. u. per pound of fuel are: 


B. t. u. 
Bituminous coal as received___-_-____--___-__ i ne 10, 000 to 14, 000 
Tar (coal-gas and water-gas tar) water free______------_--- 16, 000 to 17, 500 
WiGlOU tape evesc- aso echt. wooo sces seeks eel cecesouste es 17, 000 to 20, 000 


Although the heating value of tar is lower per pound than that of 
fuel oil, it must be remembered that these substances are sold by the 


, 

* Best, W. N., The science of burning liquid fuel: New York, 1901, 159 pp.; Peabody, 
E. H., Oil fuel: San Francisco, 1916, 134 pp. 

® Kreisinger, Henry, The significance of drafts in steam-boiler practice: Bull, 21, Bureau 
of Mines, 1911, 64 pp.; Kreisinger, Henry, The transmission of heat into steam boilers: 
Bull. 18, Bureau of Mines, 1912, 180 pp.; Flagg, 8. B., Cook, G. C., and Fieldner, A. C., 
Experiments with furnaces for hand-fired return tubular boiler: Tech. Paper 34, Bureau 
Mines, 1914, 32 pp.; Clement, J. K., Frazer, J. C. W., and Augustine, C. E., Factors gov- 
erning the combustion of coal in boiler furnaces: Tech, Paper 63, Bureau of Mines. 1914, 
46 pp.; Kreisinger, Ilenry, Ovitz, F. K., and Augustine, C. E., Combustion in the fuel bed « 
of hand-fired furnaces: Tech. Paper 137, Bureau of Mines, 1916, 76 pp.; Kreisinger, 
Henry, Augustine, C. E., and Ovitz, F. K., Combustion of coal and design of furnaces: 
Bull, 135, Bureau of Mines, 1917, 140 pp.; Wadsworth, J. N., Efficiency in the use of oil 
fuel, a handbook for boiler plant and locomotive engineers: Bureau of Mines, 1919, 
86 pp. 
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gallon and not by weight. The heats of combustion per gallon of the 
two liquid fuels are as follows: 
Tar 94X17,000—161,500 B. t. u. per gallon. 
Fuel oil 74X19,000=142,500 B. t. u. per gallon. 
If the heats of combustion of the three fuels were the only means 
of judging the economy in the use of one as compared with the 
others, the values might be expressed as follows: 


Heat of combustion in $100 worth of fuel. 


Coal of 12,000 B. t. u., at $4 per ton-______-_--___-__-------------- 6, 000, 000 
Oil of 19,000 B. t. u., per pound, 74 pounds per gallon, at 5 cents per 


Tar of 17,000 B. t. u., per pound, 94 pounds per gallon, at 4 cents per 
PAU ON eon oases a ese sae Son So cece cnc ah de mee bene 4, 037, 500 


However, the heating value of the fuels can not be taken as a 
guide for computing actual fuel costs, because the liquid fuels are 
burned to complete combustion with a smaller excess of air than is 
possible with bituminous coal. This fact allows a greater saving 
to be made than is apparent by comparing the relative heating 
values. 

ADVANTAGES OF TAR FUEL. 


Further advantages of using tar fuel are given below: 

There are no ashes to be carted away. 

Tar as boiler fuel permits better maintenance of control over 
the rate of generation of steam. The fire can be started or 
stopped instantly. Smoke difficulties that so often prevail with 
bituminous coal as fuel are eliminated or reduced to a minimum. 

When the tar is consumed at the plant where it is produced 
less fuel-storage space is required. 

Less boiler-room labor is required. : 

If 100 gallons of tar of 17,000 B. t. u. per pound Ke considered 
equivalent, in actual operation, to 1 ton (2,000 pounds) of bituminous 
coal having a heating value of 12,000 B. t. u. per pound, the relative 
value of the two fuels at different prices can be quickly determined 
by referring to figure 6. This figure makes no allowance for sav- 
ings that are possible by lower expenditures for labor and storage. 
As tar and its distillation products can be utilized for fuel, it is 
evident that any distillation fraction produced at the dis- 
tillery for which there is no market can be disposed of to advantage. 
Here is an example: Assume that a gas plant producing both water- 
gas tar and coal-gas tar finds that it can not sell its water-gas tar 
but can sell its coal tar at a low price. Also assume that when the 
coal tar is distilled there is a good market for some of the distillates, 
creosote and naphtha, for instance, but no market for pitch or the 
other fractions. Under such circumstances the coal tar could be dis- 
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tilled, the crude naphtha and creosote recovered, and the other dis- 
tillates and pitch mixed with the water-gas tar and the resulting 
tarry mixture burned as fuel. The income from selling the distil- 
lates must, of course, more than pay for the cost of distilling the 
coal tar. 


PRICE OF COAL PER TON (2,000 LBS.) IN THE BIN IN DOLLARS. 


° PRICE OF TAR PER GALLON IN CENTS, 


a, Heat of combustion per pound of tar=15000 B. t. u. 
vb, Heat of combustion per pound of tar=17000 B. t. wu 


Ficcrp 6.—Relative value of coal tar and coal as boiler fuel, for tar with heats of com- 
bustion equal to 15,000 and 17,000 B. t. u. per Ib. and 93 Ib. per gal., and for coal with 
heats of combustion equal to 12,000 B. t. u. per Ib. No allowance is made for the 
difference in labor requirements, such as carting ashes or tending the boliler. 

In burning tar the right kind of burner or nozzle should be used. 
Although a “ home-made” burner devised by the fireman or engineer 
on the job may prove a success, such a burner is apt to be a failure. 
The writer believes that it is advisable to use a burner made and sold 
for use with heavy liquid fuel, one known to give satisfactory results. 

The essential requirements for the successful utilization of tar as 
fuel are as follows: 
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TARRED FELT OR ROOFING FELT. 
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Ficure 8,—Steese tar burner. 


Figure 7.—Oil burner suitable for burning tar: 
a, Steam; b, tar. 


1. The tar must be injected into the fire 
box as a thoroughly atomized spray. 

2. It should be strained and be free 
from particles that may clog the burner. 

3. It must be warm enough to flow 
freely. 

4. Air ports must be provided for sup- 
plying enough air to burn the tar com- 
pletely. 

5. The burner should be so designed 
that the fuel can not carbonize over and 
choke the atomizer slot; that the burner 
can be cleaned quickly without being re- 
moved and regulated quickly for differ- 
ent rates of fuel consumption. 

6. When steam is the atomizing agent, 
provision should be made whereby only 
dry steam enters the burner. 

Figures 7 and 8 show burners that are 
suitable for burning tar and have been 
used successfully with steam as the 
atomizing agent. Many other burners 
designed for liquid fuel are perhaps 
equally suitable for this purpose. Pub- 
lications already mentioned in this paper 
contain detailed descriptions of them 
and their adaptability to different pur- 
poses. 


TARRED FELT OR ROOFING FELT. 


One of the early uses to which coal 
tar was put industrially was in the man- 
ufacture of roofing materials. Origi- 
nally single sheets of millboard were 


coated with tar and painted with it after they were laid on 


the roof, 
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Then came the treatment of large rolls of roofing 
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felt, which eliminated the transverse joints on the roof. The present 
method consists in treating special felt paper with hot tar, and re- 
moving the excess of tar by passing the felt between heated steel 
rollers; from the rollers the felt is run on a spindle and made up 
into rolls containing 250 or 500 square feet. The rolls are then 
wrapped in paper and are ready for the market. It is often neces- 
sary to “age” and “turn” the finished product before marketing; 
that is, the paper rolls are stood on end and are turned, end for end, 
every few days for two or three weeks, in order to keep the paper 
at one end of a roll from becoming “soggy.” Aging and turning are 
necessary because the paper sometimes has more tar on it than it can 
absorb at once. The use of heavy cold tar also aggravates the tendency 


a ee > 
= wa al 


Fieure 9.—Machine for saturating roofing felt, 


of the paper to become soggy. Tar paper should always be stood on 
end when stored. 

One form of apparatus for treating felt is shown in figure 9. The 
raw felt, which is supplied in rolls varying in quality and thickness 
and weighing from 250 to 650 pounds, is suspended on a spindle from 
which it unrolls as fast as it is drawn through the hot tar. 

The temperature, water content, and consistency of the tar used 
are of considerable importance in the manufacture of a good roofing 
felt. While the paper is being treated with tar it is under consider- 
able tension, because the force required to unroll it, draw it through 
the tar, and roll it, is exerted at one end. If the tar contains water 
this is absorbed by the paper, which can not now withstand the stress 
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and breaks or tears at the surface of the tar; consequently the tar 
must be free from water. Even if the paper did not break under 
these conditions, it is desirable that the tar should be freed of water 
before the felt is saturated, as the presence of water causes uneven 
saturation and impairs the waterproofness of the product. In or- 
der to insure a high saturation, the tar should be hot enough to reduce 
its viscosity and give it the consistence of a thin sirup. The limit- 
ing temperatures for the best results are 200° and 260° F. 

The tar used for this purpose is sometimes prepared by distillation 
to a pitch and “cutting back” the pitch so obtained with creosote, 
or with creosote and light oil, and is called “prepared tar.” It is 
preferable, as a rule, to use “ straight ” dehydrated tar, thinned, when 
necessary, with light oil or creosote that has been cooled and freed 
from naphthalene. When the natural tar is so high in naphthalene 
that the desired saturation can not be obtained without the naphtha- 
lene causing the layers of tarred felt in a roll to stick together, the 
“prepared tar” is preferable. Usually naphthalene is not present 
in such proportions, particularly not in “straight” coal tar. 

Felt absorbs from 100 to 200 per cent of its weight of tar. When 
it is oversaturated, or when the excess of tar has not been removed 
by the rollers, the sticking of the convolutions of the tarred felt in 
a roll may make unrolling difficult or even impossible. If the felt is 
undersaturated, the finished product will be porous, capable of ab- 
sorbing moisture, and therefore less waterproof. The degree of 
saturation is controlled by the time the felt is allowed to remain in 
contact with the tar, which may be governed by the depth of im- 
mersion, and the speed of travel through the tar. 

The steam-heated rolls between which the felt passes (see fig. 9) 
prevent the paper from cooling too quickly, aid the absorption of 
the surface tar, and remove the excess tar. Saturated felt so prepared 
is employed chiefly for pitch and gravel roofs or as a basis for slate 
and tile roofs. It is sometimes used as building paper and as dead- 
ening felt and for waterproofing walls, tanks, and tunnels, where it 
is applied as on a roof. 

A number of kinds of tarred roofing papers, differing mainly in de- 
gree of saturation and weight per square foot, are on the market. 
Soft thick felts absorb more tar per square foot than thin hard felts, 
and a roll of tarred soft felt is therefore heavier than a similar sized 
roll of tarred hard felt. Some of the more common saturated felts 
in general use are slaters’ felt, made in two grades, weighing 30 and 
40 pounds, respectively, per 500 square feet; and tarred felt, made in 
three grades, weighing, respectively, 60, 70, and 75 pounds per 500 
square feet. 

Heavier felts than these are made but are not in as wide demand. 
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PAINT FOR STONEWORK, BRICKWORK, AND IRON. 


As an inexpensive coating for brick or stone work exposed to the 
action of acid vapors, alkalis, or the atmosphere, tar is a ready and 
satisfactory material. Although tar dries more slowly than some 
specially prepared pitch paints, it is used extensively as a paint. It 
should be dehydrated, and is usually applied hot. 

Hot water-free tar is also used for painting underground iron pipes 
and for coating castings, pipe fittings, and metal roofs that are ex- 
posed to the atmosphere. It is not so resistive to the weather as 
specially prepared pitch paints (see p. 4), but it is a good preserva- 
tive and answers the purpose well where an inexpensive coating must 
be used. 

ROAD-CONSTRUCTION MATERIAL. 


Tars and tar products are fast replacing mineral-oil products for 
surfacing roads. This fact may be variously ascribed to the increas- 
ing supply of suitable tars, the decreasing supply of suitable mineral- 
oil products, increased appreciation and recognition of the suitability 
of tars, and the more genera] availability of tars in practically all 
parts of the country. 

Lunge”™ reports that in Great Britain in 1967 there were only 100 
miles of road covered with tar or tarry mixtures, whereas in 1908 
there were 700 miles; in 1909, 3,000 miles; and in 1910, 7,000 miles 
of such road. 

A number of specifications have been drawn up for the tar to be 
used for this purpose, a fact not at all surprising in view of tars 
being produced under so many different conditions, and the roadbed, 
surfacing materials, and traffic and climatic conditions differing 
widely from place to place. Road tars are used for various purposes, 
and may be applied in different ways to obtain a particular result— 
a further cause for the wide variance in specifications. They may be 
used as a binder in place of cement, as in bituminous macadam roads, 
for dust-settling purposes or for cementing material—grouting—in 
the construction of brick, stone, or wood-block pavements. Although 
the material used for these purposes is usually either a soft pitch or 
a refined tar, or a mixture of the two, it is quite generally termed 
“road tar.” 

A bituminous material such as tar and pitch is used on gravel and 
crushed-stone roads in several ways: First, it may be forced into the 
interstices between the stone after it is placed on the road; second, 
it may be thoroughly mixed with the stone or gravel before the latter 
is placed on the road (care being taken to avoid using an excess of 
it); and third, it may be applied to the surface of a finished gravel 


wLunge, George, Coal tar and ammonia. London, 1916, 739 pp. 
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or broken-stone road with or without a final topping of coarse sand 
or fine gravel. The pavement produced by the first method cited is 
called bituminous macadam; that produced by the second method 
is known as bituminous concrete. 


BITUMINOUS MACADAM. 


On a subgrade, prepared by the usual method of grading, draining, 
and rolling, a base, or bottom course, of broken stone (1 to 35 inch) 
is laid; after this has been rolled, a second course of broken stone, 
usually of somewhat smaller (1 to 1} inch) size, is laid on top of it. . 
The prepared “road tar” or pitch is forced into the interstices of 
the top layer, which is then covered with finely cut, one-fourth to 
three-fourths inch stone to fill all voids. After this surface is prop- 
erly rolled, a final coat of similar bituminous material is applied, 
covered with fine gravel or screenings, and rolled. The pitch used 
for the top coat is softer than for the main binding material. The 
depth of each course is predetermined according to the kind and 
amount of traffic the road must bear. The binder is always applied 
hot—200° to 225° F.—and the amount used per square yard varies 
between 1} and 1% gallons, depending on the depth and on the size 
of stone. In preparing the final surface or “seal coat,” one-third to 
three-fourths gallon of binder is used per square yard of road. 


BITUMINOUS CONCRETE. 


Bituminous concrete pavement is prepared much like concrete 
pavement, except that the binding material is a bituminous substance 
instead of Portland cement. <A first course of crushed rock is put 
down as for bituminous macadam; on top of this is laid a layer of 
mixed crushed rock and sand that has been thoroughly mixed or 
coated with a bituminous material (pitch). This layer is applied 
and rolled while hot. The pavement may be left in this condition, 
but much of it is given a “seal coat” by spreading a layer of the 
bituminous material (usually thinner and of lower specific gravity 
than the main binder) over the surface, covering it with fine gravel 
or coarse sand, and rolling. The size of stone ranges from one-fourth 
to 1} inches, according to conditions, but the custom is to use the 
larger sizes in the thicker pavements. One specification requires a 
mixture of 1 cubic yard of grit sand less than three-eighths inch and 
3 cubic yards of broken stone, three-fourths to 14 inches. The ma- 
terial must be thoroughly coated, during mixing, with the bituminous 
binder, and an appreciable excess of binder should be avoided. One 
specification requires that 18 gallons of it be used per cubic yard of 
stone, approximating 5 to 74 per cent by weight in the finished pave- 
ment, but others require 25 to 30 gallons per cubic yard of material 
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treated. The mixing is always done hot at 180° to 300° F. and the 
mixture is delivered at about 150° F. 


SURFACING FOR OLD ROADS. 


When old roads are repaired, it is often the practice to apply a 
“blanket ” or “seal” coat to the surface after the necessary repairs 
are made. For this purpose, a heavy refined tar or soft pitch is 
suitable, and the amount used per square yard ranges from one-half 
to 1 gallon, according to the thickness of the coat and the condition 
of the surface to which it is applied. 


ROAD PRESERVER AND DUST SETTLER. 


In the maintenance of roads, it is desirable in many places to apply 
periodically a thin layer of bituminous material to the surface. For 
this purpose, refined tar is often suitable. The tar is preferably 
applied hot, but sometimes is applied cold, in which event it must, of 
course, be thinner than a soft pitch in order to spread properly. 
Less than a gallon’ per square yard is used, and ordinarily but 0.2 
gallon. 

Such a coat retards the formation of dust. For this purpose, tar. 
is superior to many of the oils that are sometimes recommended and 
sold as dust preventives. Prof. Agg* says that in oiling roads 
“there is some danger of introducing into the surface an oil that 
will act as a lubricant instead of as a binder, and in that event the 
road will become loose and rapidly develop pot holes and ruts under 
traffic. Considerable difficulty has been experienced throughout the 
United States from that source, and too much emphasis can not be 
put on the importance of using a good asphaltic base oil or a suitable 
grade of tar.” It is undoubtedly true that tar has less lubricating 
qualities and contains a greater proportion of bitumens—binding 
material—and has greater antiseptic and germicidal properties than 
most mineral oils. Consideration of the foregoing statements will 
indicate how prominent tar is to be as a road material; moreover, 
statistics show that the yearly production of coal tar is rapidly in- 
creasing, whereas the demand for mineral oils is growing faster than 
the supply, with prospects of higher prices. Tar is now sold at 
many works at a lower price per gallon than good mineral oil (road 
oil). 


FACTORS RETARDING THE MORE EXTENSIVE USE OF ROAD TAR. 
General utilization of tar for road building and surfacing has 


been retarded by the promiscuous use of any and all grades of tar 
on all sorts of roads, without regard to climatic conditions or the 


4 Agg, T. R., The construction of ronds and pavements, New York. 1916, 432 pp. 
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condition of the road. Obtaining the best results requires the use of 
judgment. Special care should be taken that tar is not applied to 
wet or frozen roads and that it is hot enough to be of the consistency 
most suitable for the particular road treated. When tar is spread 
thickly, under conditions that do not permit ready absorption, it 
may be spattered on automobiles and other vehicles to such an extent 
as to cause prejudice against all tar pavements. After crossing such 
a street afoot, people with white shoes are not apt to have a very 
kindly feeling toward tar as a road-surfacing material. 

The best results are obtained when the road to be treated is dry, 
free from dust, and warm, and the tar used is water-free and hot. 


SPECIFICATIONS FOR ROAD TARS. 


Specifications for these tars are made with the following intentions: 

1. To avoid adulteration or dilution with inferior products. 

2. To insure a bitumen content high enough for the purpose. 

3. To reduce lubricating properties to a minimum. 

4. To provide for the use of tars of the proper consistence only. 

5. To avoid the use of tars that will cause rapid deterioration of 
the road. 

As a complete discussion of the merits or defects of the various 
tars can not be presented here, only their principal requirements 
are mentioned. 

The specific gravity of a pure crude tar has considerable signifi- 
cance to a chemist and is one of the factors governing purchase; 
however, as mixing very light oils with pitch will yield a tarry mix- 
ture of any intermediate specific gravity, the specific gravity alone 
is not a reliable test. To prohibit this “cutting back” of pitch with 
light oils that are volatile and undesirable in a road tar, the 
loss on heating a sample to a given temperature in a distillation ap- 
paratus is limited to a given maximum. The addition of mineral 
oils is guarded against by stating the specific gravity of the fractions 
obtained on distillation, or by chemical tests. The specific gravity of 
high-boiling fractions from the distillation of coal tar is greater 
than 1.00, whereas the specific gravity of mineral fractions is less 
than 1.00. To insure a high enough bitumen content, the percentage 
of distillation residue above a defined temperature and the percentage 
of free carbon are limited. The lubricating properties are avoided 
by employing only those tars that do not contain any appreciable 
amount of paraffin oils, namely, tars of high specific gravity—coal 
tars. Specifications also consider the fluidity (viscosity) of the tar 
at a given temperature and require that the tar be applied at the 
most suitable temperature. 

59456°—21——_3 
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Much has been said regarding the free carbon and the naphtha- 
lene content of road tars. Some difference of opinion exists as to 
the maximum amounts permissible and as to the minimum amount 
of free carbon that will be tolerated. It is generally agreed that a 
great excess of either naphthalene or carbon is detrimental, and 
should not be allowed. Tars with very small content of free car- 
bon are frequently inferior to those with a moderate content. The 
upper limit sometimes set for the free carbon content of tars used as 
binder is 25 per cent and the lower limit is frequently 12 per cent. 
For hot surfacing the limits are 22 and 10 per cent. Sample specifi- 
cations for road tars for various purposes are given in Table 4. 


TaBLet 4.—NSpecifications for tars. 
FOR BITUMINOUS CONCRETE, 


[Standards adopted Oct. 14, 1916, by American Society of Municipal Improvements.] 


| 

Items, | Water-gas tar.| Coaltar. 
Ie. Stall not foaM tax. xcecas cos sed caawasacOe sess Fac C Ie een SsQecees e. 150 19 
2 Specific pravity ht25°'C. C779 Foy. ccc scceccsccovs estes aSee cass satgnedase'ss | 1.16 to 1.2) 1.20 to 1.30 
3. Viscosity by New York float apparatus Valafen tas --seconds. - 140 to 170 140 to 170 
4. Bitumen solublein carbon bisiil; hide, not less than.. percent... 95 75 to 90 
5.0 Distillation yield to 170° C, (238° F.) not more than... ae 0.0 0.0 

Distillation yield to 270° C, (418° F.) not more than....-....-.... M Spe 7. 10. 

Distillation vield to 300° C, (572° F.) not more than....... BA 20. 20. 


1.00 to 1.02 


6. Distillate, total, specific gravity at 25° C.........-.....--- 1.13 
75° C.(167° F.) (75° C.(167° F.) 


7¢, Distillation residuc, melting point of, not more than 


FOR BITUMINOUS MACADAM. 


[Standards adopted Oct. 12, 1916, by American Society of Municipal Improvements. ] 


Iia:Shall notMoamiatt: ssa30.ssg2ccc sce nate secs nets saa e ues Se ees eens 121°C.(250°F.) |121°C.(250°T.) 
2. Specific gravity at 25°C. (77° F.)... ' 1.15 to 1.20 1.18 to 1.30 
3. Vicosity by New York float anparatus...........-- seconds. . 120 to 150 15) to 189 


4. Bitumen soluble in carbon bisulphide, not less than. -percent.. 95 80 to 95 
5. Distillation yield to 170° C, (338° F.) not more than... do...; 0.5 0.5 
Distillation yield 0 to 270° C. (518° F.) not more than... 12.0 10.0 
Distillation yield 0 to 300° C. (572° T°.) not more than. 7 25 20 
6. Distillate, total, specific gravity... ... tT ee ate . 0.98 to 1.02 1.02 
7. Melting point of residue, not more than........---...----+--26-.0s eee e eee 75°C, (167° F.) [re C. (167° F.) 


@ This test signifies that the water has been removed, as tars that contain water foam on being heated. 

> Distillation is made according to the 1911 tentative specifications of the Socicty for Testing Materials. 
100 c. c. of taris distilled in an Engler flask, the thermometer bulb being at the offtake arm, 

¢ The melting point is determined by the cube method. 


Specifications for joint-filler “tar” (pitch) for wood blocks, stone, or brick. 


Pitch, straight run from coal tar: 


Specifie gravity nt T8* Wl eee acc ne seo 1.24 to 1.32 
Melting polit: s-s.ccscecncesccecscactrecseSeeeteed ° F____ 115 to 150 
Por -inastie fillet ..<..ti2<5_c <2 ce hee ee eee ta ane do___. 115 to 1385 
For brick and stone blocks_______-_--_-___-_-_-__--____ do__-_ 125 to 140 
Wor’ wood blocks 22720 35 so eee ase coe ent Suan do_.-- 140 to 150 
Free curbon (per cent) -~-------__-_-______ Not less than 22 nor more than 37. 


Distillation —-The specific gravity of the distillate at 670° F. shall not be 
less than 1.07 at 140° F. compared with water at that temperature. The dis- 
tillation is made in an 8-ounce retort. The amount of oil distilling up to 670° 
F. in this method is approximately the same as distills up to 314° C. in the flask 
method, 
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REQUISITES FOR ROAD-DUST SETTLERS, 


The very light tars are most suitable for road-dust settlers. The 
free carbon should be very low, the lower the better, usually, and water 
and naphtha should be removed. Water-gas tars are good for this 
purpose. As the surface on which the tar is to be applied must be 
considered, it is evident that specifications might require anything 
from a crude to a highly refined or specially prepared tar. The fol- 
lowing requirements are representative for a coke-oven tar, water-gas 
tar, or other tars low in free carbon: 


Specifications for light tar for road-dust settler. 


Specific: cravity' 250/25" Gis 25. chee Se eee Secs 1.10 to 1.14 
Specific viscosity, at 40° C______________________-_______--______ 25 to 35 
Total distillate by weight (flask distillation) : 
To 170° C. not more than________________ per cent__ 2 
Total up to 270° C. not more than_____________-______ 1 25 
Total up to 300° C. not more than____________ mee do____- 35 
Free carbon, not more than______---_--__-______-_____ O0iasae 5 


To be applied hot or cold (but preferably hot), using one-third to one-half 
gallon per square yard for first application and one-tenth to one-fifteenth gallon 
per square yard for subsequent applications, 

Frequent changes in specifications have resulted from the experi- 
ments that are being carried on continually with various tar prepa- 
rations. Specifications for such materials that have been used with 
success have been published by the U. S. Department of Agricul- 
ture.1? These are not represented as “standard” but as “ typical ” 
specifications. In general a tar from which the fraction boiling 
below 150° to 170° C. has been distilled off makes a suitable material 
for a primer or surface coat on macadam, gravel, or shell roads, 
especially if the tar contains a rather low percentage of free carbon. 
High-boiling fractions are sometimes added to increase the fluidity 
of the product and decrease its content of free carbon. Methods 
of “ meeting ” specifications are mentioned in a later section of this 
paper. 

When surface coats and dust preventives are applied care should 
always be taken to see that the road is dry and free from accumula- 
tions of dust and dirt. It is best to sweep the road clean before 
treating it. 

WATERPROOFING AND ROOF PAINT. 


Coal tar ana water-gas tar, when free from water, make excellent 
paint for shingle roofs, being good, of course, as black paint only; 
but roofs painted with these tars look rather like slate and do not 
retain an undesirable jet black appearance. Retarring does not have 
to be done as often in order to keep the roof in repair. Tar should 


12 Hubbard, Prévost, and Reeve, C. S., Typical specifications for bituminous road ma- 
terials: Bull. 691, U. 8S. Dept. of Agriculture, 1918, 60 pp. 
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be applied when a roof is dry and preferably when it is warm, as 
when it is exposed to the direct rays of the sun. A greater penetra- 
tion is obtained by using a tar of low free-carbon content and apply- 
ing it hot or warm. 

As a protective coating, or for renewing the freshness of a 
“patent” roof (one covered with prepared roofing paper), dehy- 
drated tar is Inexpensive. Although it can not be as highly recom- 
mended as a specially prepared pitch paint, discussed on page 46, 
it is much used. : 

Whenever a cheap paint with waterproofing qualities is required 
for coating cement, stone, or brick walls or the like, the color being 
inconsequential, tar may be suitable. It should be free from water, 
and if it is very viscous should preferably be applied hot. The less 
light oil it contains the greater is its value for this purpose. 


GERMICIDE, 


Although tar is not as widely used as a germicide as some of the 
products obtained from it by distillation and other means, still its 
value for some purposes is worth considering. Other things being 
equal, this germicidal property alone should give tar preference over 
mineral oils as a road-dust settler. It increases the value of tar as 
a paint for special places, as the interior of chicken houses, pens for 
small animals, stables, barns, and bunk houses. When mixed with 
tar oils it is used as a wood preserver. 


MISCELLANEOUS USES, 


Relatively small quantities of tar are consumed annually for many 
minor uses. It is used in special paints and varnishes, prepared 
cements, special waterproofing mixtures for cloth, felt, wood, and 
cement, patent fuels, smudge fuels for use in orchards, manufactur- 
ing gas, and special preservative preparations. 


CRUDE DISTILLATION PRODUCTS OF TAR. 


Many of the crude distillation products of tar are used raw, either 
alone or mixed with others. The demand for them is not relatively 
proportional to the production of each, therefore there is frequently 
a surplus of some one or more for which it is not easy to find a 
market. Some of these products are discussed in the order given 
herewith: 

Ammonia water (ammoniacal liquor). 
Crude naphtha. 

Light oil. 

Crude carbolic oil (middle oil). 
Creosote oil. 

Anthracene oil. 


Pitch. 
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CRUDE NAPHTHA. 87 
AMMONIA, 


Tar from the works often contains 3 to 10 per cent of water, but 
this amount is reduced to about 2 per cent on settling. The water that 
is taken off the top of the tar is not pure, but contains ammonia and 
ammonium salts, and is known as ammoniacal liquor. When heat is 
employed to facilitate settling and tanks used are open, much of the 
ammonia is expelled and lost. Ammonia is also liberated in the 
early stages of distillation with the remaining water and the crude 
naphtha. It may be recovered by proper methods of condensation. 
In small works the recovery of ammonia is not attempted, but in 
the larger distilleries recovery is common practice. The liquor re- 
covered seldom contains more than 2} to 3 per cent ammonia and 

_often much less. No ammonia.is produced in the manufacture of 
water gas, hence no ammonia or ammoniacal liquor accompanies 
water-gas tar, although the writer has found, during experiments in 
the use of bituminous coal as water-gas generator fuel, that ammonia 
is produced during the process of gas making. The liquor is not 
worked up at the tar works but is usually sold to an ammonia-re- 
fining company. 

CRUDE NAPHTHA, 


Crude naphtha is used in shingle stains, in cheap paints for out- 
side use, as a solvent for pitch in the preparation of metal paint and 
roof paint, and in the preparation of special so-called varnishes. It 
is an excellent solvent and could be used crude in paint or as a 
paint and varnish remover, except for its strong odor. 


LIGHT OIL. 


Light oil is not used as much in the crude state as the other frac- 
tions are. It frequently contains naphthalene, some of which crys- 
tallizes from solution in cold weather. This fraction is used as 
light creosote in shingle stains, as a solvent in the preparation of 
roof paints and some metal paints, and as a fuel oil and as fuel in 
mixtures with pitch. Considerable light oil ‘was formerly sold, 
mixed with heavy oils, as creosote, but when creosote is purchased in 
large quantities the specifications usually preclude such a mixture. 

Coal tar is sometimes distilled in the usual way and the resulting 
pitch is “cut back” with light oils and water-gas tar and the result- 
ing mixture used as fuel tar; thus the most valuable products are re- 
covered, while the pitch, light oil, and any other surplus product 
is utilized as fuel. Refined coal tar is sometimes made similarly by 
“cutting back” pitch with tar oils consisting chiefly of light oil. 
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CRUDE CARBOLIC OIL (MIDDLE OIL). 


Middle oil contains most of the carbolic acid and a large propor- 
tion of the naphthalene originally present in the tar. On cooling 
the naphthalene crystallizes and is readily separated from the oil. 
The latter is used in the preparation of disinfectants and germicides, 
and is sold raw for such purposes. There is a decided difference 
between crude carbolic oil and crude carbolic acid, although in some 
parts of the country the former is being sold under the name “ crude 
carbolic acid.” The latter, which is a product extracted from the 
crude oil, is mentioned on page 59. 

Middle oil is also used in mixtures with the heavier fractions as a 
wood preservative, the mixtures being sold under the name of creo- 
sote or creosote oil. 


CREOSOTE. 


There is some confusion regarding the meaning of the word creo- 
sote. The definition given in Webster’s dictionary is: 

a. An oily antiseptic liquid, of a burning smoky taste, colorless when 
pure, but usually colored yellow or brown by impurity or exposure, ob- 
tained by the distillation of wood tar, especially that of beechwood. It Is 
a complex mixture of various phenols and their ethers, the principal con- 
stituents being guaiacol, creosol, phlorol, and methyl creosol. b, A similar 
substance obtained from coal tar. 

- The definitions given for creosote oil are: 

a. That part of the wood-tar distillate from which creosote is obtained 
by purification. b. The third main fraction in the distillation of coal tar, 
boiling from 230° or 240° to 270° C. It is a greenish yellow oil, heavier 
than water, containing phenols and other bodies. 

From the last definition, creosote oil is the fraction distilling just 
after the carbolic oil and before the anthracene oil. As frequently 
used, however, the term has a broader application, including all the 
heavy oils distilling up to the temperature at which soft pitch re- 
mains in the still. Sometimes “creosote oil” means carbolic oil; 
then the true creosote oil is called heavy oil. Of late years tar has 
been added to creosote oil and carbolic oil, and the mixtures are sold 
as creosote, creosote oil, wood preservers’ creosote, and paving-block 
oil, for treating timbers and wood blocks. It is accordingly not sur- 
prising that so-called creosote oil can be purchased having almost 
any specific gravity from 1.02 to 1.14. 

Specifications for creosote oil differ so widely that the term fre- 
quently means a tar oil with a specific gravity greater than water 
and with a high boiling point. The word creosote is often used as 
synonymous with creosote oil. 

True creosote oil, which comes over after the carbolic fraction, 
usually contains naphthalene that may crystallize on cooling. 
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Usually the naphthalene is not separated from the liquid, as the oil is 
mainly used in wood preserving, for which purpose a small content 
of naphthalene is not objectionable. 

The two primary objects of treating timbers and wood blocks with 
creosote oil are to preserve the wood from decay caused by the action 
of molds and fungi, and to waterproof the wood to prevent warping 
and swelling. 

Numerous experiments with the various tar oils as wood pre- 
servers have demonstrated clearly that the heavy fractions from the 
distillation of coal tar are superior to the light fractions or to mix- 
tures of the light with the heavy. It has been shown?* that the 
light oils boiling below 205° C. (401° F.) do not remain long in 
treated timber, whereas the heavy oils with a high content of an- 
thracene oil remain almost indefinitely and preserve the wood from 
decay and from boring animals. Table 5 gives analyses of oils ex- 
tracted from preserved wood after years of service. The fractional 
distillations were made in a glass distillation flask with the thermom- 
eter bulb at the side neck. The tar acids remaining after years of 
service amount to less than 1 per cent. 


TABLE 5.—Analyses of extracted oils. 


Distillation of extracted oil. 
Aver- | Creo- | solid | Solid 
age | 5° naph-| ,22 
Samples. serv- | Pet Resi- | “tha- | thra- 
“ice, | Cubic | To | 205 to | 245 to | 270 to | 320 to] due | jang | cene | Tar 
* | foot. | 205° C.)245° C.| 270° C.| 320° C.) 420° C.| above from oil |acids.c 
420°C.) {Om | from 
distil-| gi stip 
lates. | jates. 
| 
Yrs.| Lbs. | P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| C.ce 
19 cross ties....1......- 21,84) 9.58 | 0.025 | 12.07 | 13.88 | 23.80 | 24.69 | 25.27] 1.19 | 23.47 0. 65 
6 English piles......... 43.0 9.19 | .46 | 16.92} 15.31 |} 21.06 | 22.77 | 23.04 |....... 19. 95 61 
6 American piles....... 20.2 | 15.64 | .57 | 30.28] 15,82 | 18.49 | 13,21 | 21.43 | 25.93 | 43.27 ]....... 
4 paving blocks........ 23.6 | 15.70} .29 | 21.34) 21.39 | 18,73 | 19.40 | 18.64 | 12.52 | 40.40 52 
1 paving block 
i 9.0 5.77 | 9.62 | 14.41 19.27 | 41.74 | 11.23] 3.40 
14.0 8.74 | 5,08 | 27.23 | 10.46 | 27.68 | 19.03] 9.93 
Average of 36 
timbers giving 
good service.... 24.9 1.18 | .36 17.37 15.18 | 22.0 | 21.71 | 23.09] 6.98 | 27.81 - 50 


a The results for tar acids are expressed as cubic centimeters in 100 c. c. of extracted oil, and therefore 
represent the percentage by volume of tar acids in the oil. 

The method of applying creosote, the quantity used per cubic foor, 
and the grade most suitable depend on the kind and condition of 
wood to be treated and the use to which it is put. When the wood 
is merely dipped, as in the open-tank process, the loss of oil by evap- 
oration is proportional to the temperature of the bath, to the percent- 


% Alleman, Gillert, Quantity and character of creosote in well-preserved timbers: U. 8, 
Forest Service Circular 98, 1907, 16 pp. 
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age of low-boiling oils present, and to the area of the exposed sur- 
face of the bath. With this method, an oil that has the minimum 
content of low-boiling constituents is particularly desirable; it should 
not contain an appreciable amount of free carbon. The wood will 
absorb only a small amount of oil when treated by this process, even 
under the best conditions; therefore an excessive proportion of high- 
boiling solids that may on chilling choke the pores of the wood dur- 
ing treatment is undesirable. Very often, however, tar of low free- 
carbon content is mixed with tar oils for use in this process, cost 
being the controlling factor. 

In the closed-tank or pressure processes, considerably more creo- 
sote oil is used per cubic foot of wood treated, the amount ranging 
from 5 to 20 pounds in different specifications. A common require- 
ment for paving blocks for exposed pavement is that the penetration 
be equivalent to 16 pounds of water-free oil per cubic foot of wood. 

The oil used for this and similar purposes may be classed, first, as 
a pure distillate of coal tar, and, second, as mixtures of such distil- 
lates with pure water-free coal tar. A few sample specifications for 
such oils follow: 

The city of Chicago specifies the following requirements for oil 
for the treatment of wood paving blocks. 


SPECIFICATIONS FOR OIL FOR TREATING WOOD PAVING BLOCKS. 


1. The oil shall be a distillate obtained wholly from coal tar. 

2. It is required by this specification that the oil used shall be wholly a 
distillate oil obtained only by distillation from coal tar. No other material of 
any kind shall be mixed with it. 

8. The oil shall contain not more than 1 per cent of matter insoluble in hot 
benzol and chloroform. . 

4. Its specific gravity at 25° shall be not less than 1.08 and not more than 
1:12: ; 

5. The oil shall be subject to a distilling test as follows: 

The apparatus for distilling the creosote must consist of a stoppered glass 
retort having a capacity, as nearly as can be obtained, of 8 ounces up to 
the bend of the neck, when the bottom of the retort and the mouth of the off- 
take are in the same plane. The bulb of the thermometer shall be placed one- 
half inch above the liquid in the retort at the beginning of the distillation, 
and this position must be maintained throughout the operation. The con- 
densing tube shall be attached to the retort by a tight cork joint. The distance 
between the thermometer and the end of the condensing tube shall be 22 inches 
and during the process of the distillation the tube may be heated to prevent 
the congealing of the distillates. The bulb of the retort and at least two 
inches of the neck must be covered with a shield of heavy asbestos paper 
during the entire process of distillation, so as to prevent heat radiation, and 
between the bottom of the retort and the flame of the lamp or burner two 
sheets of wire gauze each twenty mesh fine and at least six inches square 
must be placed. The flame must be protected against air currents. 
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The distillation shall be continuous and uniform, the heat being applied 
gradually. It shall be at a rate approximating one drop per second and shall 
take from thirty to forty minutes after the first drop of distillate passes into 
the receiving vessel. The distillates shall be collected in weighed bottles and 
all percentages determined by weight in comparison with dry oil. When one 
hundred grams of the oil are placed in the retort and subjected to the above 
test, the amount of distillate shall not exceed the following: 


Percentage of distillates from oil for wood paving blocks. 


Per cent. 
pO 250s Os poe ace 8 he te a 2 
Upto) 2102 Ce - 2 2= e an oe  sceceche sees cease 10 
DiC 285? 1Ge sss re besos ne es" ssc leeiseerk abscesses 20 
WO 0815 222s ceccn ce sa es eus eset ahs eset bassencceces 40 


The distillation of the oil shall be carried to 355° C. The residue thus 
obtained when cooled to 15° C. shall not be brittle, but shall be of a soft, waxy- 
like nature so that it can be readily indented with the finger. When a small 
portion of this residue is placed on white filter paper and warmed, the oil spot 
produced, when viewed by transmitted light, shall appear of an amber color. 

6. The tar acids of the distillate from 250° C. to 815° ©. must not be less 
than 6 per cent of this distillate (250° to 315° C.). 

7. The amount of the unsaponifiable oil (by sulphuric acid and caustie soda) 
in the distillate from 250° C. to 315° C. must not exceed 34 per cent of this 
distillate. 


The following is the American Railway Engineering Association 
specification for creosote oil :"4 


TasLe 6.—Commercial creosote-oil specifications. 


| Grade 1. | Grade 2. | Grade 3. 


Distillation: 4 | 


Below .210C,, NOCOVErs cic sc ocegeacemecetacescscsaandeas® per cent... 5 8 10 
Below. 235% C5, NOt OWN. caiis sos tess caren See etd sia Sedeie Se sien do... 25 35 40 
Residue above 355° C. must be soft and greater than.........-.. do... : 5 5 5 
ANACOD, NOt OVOP S ocaainnntcacnceds tb iuittawe nas Cascade ae iee nate ce oe do....| 3 3 3 
Specific gravity at 38° C., not less than............2-.22sceeee esse eee ceeees 1.03 1,03 1, 025 


@ Distillation results are calculated on the basis of dry oil when distilled by the method adopted by the 
Am. Ry. Eng. Asso. in an ounce asbestos-covered retort, with standard thermometer and bulb one-half 
inch above the surface of the oil. Per cent here means per cent by weight. 


Grade 1 is a pure product obtained from coal-gas tar or coke-oven tar, and 
shall be free from any tar, or from any oil or residue obtained from petroleum 
or any other source; it shall be completely liquid at 38° C. (100° F.) and shall 
be free from suspended matter. Grades 2 and 3 shall be the best obtainable 
grades of coal-tar creosote. 


The specifications for creosote oil prepared by a committee on 
standard specifications for creosoted wood-block paving of the Amer- 
ican Society of Municipal Improvements are given in Table 7. 


4 American Wood Preservers’ Asso., Handbook on wood preserving. Baltimore. 1916, 
73 pp. 


Google 


42 TAR AND ITS SIMPLE CRUDE DERIVATIVES. 
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TABLE 7.—WNpecifications for wood-preserving oil. 


| Grade A. Grade B. 


WSO sc sor.4bhesetina: per cent. | Not more than3...2........5.-, | Not more than 3. 
Matter insoluble in benzol..do....| Not more than 3 “| Not more than 0.5. 
Specific gravity at 38° C........... LOT TOL Qiao. o508 cbacstecs canes | Not less than 1.06. 
Distillates: | 

Up to 210° ¢ .-. Not over 5 ..| Not over 5. 

Up Not over 25. .| Not over 15, 


Residue above 355 | If over 35 per If over 10 per cent shall have a 


| float test of not over 80 seco: nds float test of not over 50 seconds 
at 70°C. at 70°C. 


Opti gravity, fraction 235 to. Not less than 1.02 at 38/15.5° C...| Not less than 1.02 at 38/15.5° C 
315°C. 


Coke residue. ........... per cent.. Not more than 10...............- Not more than 2. 


Grade A is a coal-tar paving oil, a coal-tar product at least 65 
per cent a distillate of coal-gas tar or coke-oven tar, the-remainder 
-refined or filtered coal-gas tar or coke-oven tar. 

Grade B is a coal-tar distillate oil, a pure distillate of coal-gas tar 
or coke-oven tar. 

It is to be noted that water-gas tar or products therefrom are not 
considered suitable for preserving wood. The advisability of in- 
cluding this tar or its products as a permissible preservative in 
mixtures of coal-tar creosote can not be discussed here, although it 
is mentioned later in discussing the properties of water-gas tar from 
bituminous coal. ; 

Creosote oil is also used as a “ flotation oil” in the flotation process 
for separating certain ores, notably sulphide ores, from the gangue 
mineral associated with them, the particles of finely ground ore 
being floated on a froth created by agitating the ore in water con- 
taining the flotation oil in amounts ranging from 0.3 to 3 per cent 
by weight of the ore treated. Agitation is accomplished by mechan- 
ical means, by aeration, or by both, and flotation by the employment 
of oil, oil and acid, or by mixtures of oil and tar. The acid-tar oils— 
carbolic oil and creosote oil—have been successfully used, as well as 
mixtures of 10 per cent tar with varying amounts of wood-creosote 
oil and coal-tar creosote oil. 

Creosote oil is also used in the preparation of disinfectants, sheep 
dips, germicides, shingle stains, and bituminous paints. It is seldom 
used as fuel because there is usually a ready market for it for other 
purposes. 

ANTHRACENE OIL, 


Anthracene oil is the last fraction from the distillation of coal tar. 
A considerable part of this fraction is solid and greasy when sepa- 
rated by itself. It has been used abroad to make cheap lubricants 
and cart greases, but is not, to the writer’s knowledge, used for that 
purpose here to any appreciable extent. The value of the high 
boiling fractions as wood preservatives has already been pointed out, 
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hence the reason for including anthracene oil with the creosote-oil- 
fraction as a wood-preserving oil is evident. This is the chief use 
for this fraction in the crude state. 


PITCH. 


The properties of the residue—pitch—remaining in the still after 
distillation is complete depends, for any given tar, on the final tem- 
perature of distillation. If the maximum temperature reached in the 
still is less than 275° C., the pitch is very soft; that is, its consistence 
is such that a piece will stick to the teeth when chewed. When the 
distillation is continued up to 300° C., the resulting pitch can be 
chewed like gum, and will not stick to the teeth. When the distilla- 
tion is carried further, however, the pitch becomes harder, the 
residue over 320° C. usually being so hard that it crumbles when an 
attempt is made to chew it. The free-carbon content of the tar also 
has much to do with the consistence of the residue remaining above a 
given temperature, hence the temperature limits just given are cor- 
rect for certain tars, and are used here to emphasize the effect of 
temperature on the properties of the residue. The exact tempera- 
ture limit of a tar distillation to produce a pitch of a specified con- 
sistence can best be determined by first distilling a small quantity in 
the laboratory. It frequently helps, in finishing the distillation, to 
draw samples of the residue from the still toward the end of the run. 

Pitch is recognized as a suitable material for roofing. The well- 
known pitch and gravel roof is approved by the laboratories of the 
National Board of Fire Underwriters as a fire retardant roof. 
Architects and engineers generally recognize its merits. Its re- 
sistance to atmospheric conditions and to moisture are of prime im- 
portance. This roof consists of several—usually three to five—layers 
of tarred felt cemented together by mopping hot pitch over each 
layer when in place. A heavy coat of pitch is applied on top of the 
final layer, and is immediately covered with very fine gravel, or 
sand and gravel.. This kind of roof is suitable for so-called “ flat- 
top ” buildings, those where the pitch or slope of the roof is not very 
great. The roofing pitch used for this purpose is medium to soft, 
according to the climate. Most roofers prefer a pitch that can be 
chewed between the teeth without crumbling. In this condition it 
can readily be broken into small pieces without sticking to the in- 
struments used. It is decidedly common practice for the roofers to 
cut back the pitch a little by putting a small quantity of tar in the 
kettle with it. In fact, some roofers take advantage of the fact that 
tar is cheaper than pitch by buying as hard a grade of pitch as they 
think they can use and cutting it back with coal tar to the consistence 
desired. 
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The waterproofing qualities of pitch are utilized in a similar way in 
tunnels, on concrete retaining walls, reservoirs, tanks, and bridges. 
Soft pitch is also used as a road binder and is commonly called “ road 
tar” or “paving tar”; its properties and its use for this purpose 
have been discussed. In addition, it is an ingredient of bituminous 
paints for metal roofs and masonry work. 

Pitch mixed with coal has been used in the manufacture of coke, 
being used in amounts up to 5 per cent of the coal carbonized. Oc- 
casionally the quality of the coke is said to be considerably improved 
by the addition of the pitch. 

As a binder in briquetting fuel, such as coal, coke breeze, and saw- 
dust, both coal-tar pitch and water-gas pitch are satisfactory. They 
are not employed much for this purpose at present in this country, 
although the prospects favor considerably more pitch being so used 
in the future. Much experimental work has been done in briquetting 
various fuels and the requisite properties of a suitable binder have 
been demonstrated.’® 

Numerous other uses for pitch have been developed in patent proc- 
esses and otherwise that utilize its cementing or waterproofing prop- 
erties, as in flume cement, roof cement for patent roofings, expansion- 
joint filler, binder in the manufacture of special insulating and 
waterproof pipe, and insulation on dry cells and batteries. It is also 
used in producing “ pitch coke” or “tar coke,” which is mentioned 
on page 71. 


COMMERCIAL PRODUCTS PREPARED FROM CRUDES. 


Many of the products obtained from tar by distillation are sold 
and used in the crude state. The crude fractions are used alone, 
mixed with other fractions, mixed with pitch, or as an ingredient or 
component part of some manufacture containing materials other 
than tar products. The preparation of these products does not neces- 
sarily require great skill nor very elaborate equipment. Formulas 
and methods of preparing a number of them are given in the follow- 
ing order: 

1. Metal paint. 
2. Roof paint: 
a. For prepared roofs. 
b. For shingle roofs. 
3. Pole and post paint. 
4. Shingle stain. 


% Wright, C. L., Briquetting tests of lignite at Pittsburgh, Pa., 1908-9, with a chapter 
on sulphite-piteh binder: Bull. 14, Bureau of Mines, 1911, 64 pp. Mills, J. E., Binders for 
coal briquettes: Bureau of Mines, 1911, 56 pp. Wright, C. L., Briquetting tests at the 
United States fuel-testing plant, Norfolk, Va., 1907-8: Bull. 30, Bureau of Mines, 1911, 
41 pp. Wright, C. L., Puel-briquetting investigations, July 1904, to July, 1912: Bull. 58, 
Bureau of Mines, 1913, 277 pp. 
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5. Roof cement. 
6. Flume cement. 
7. Disinfectants and insecticides: 
a. Sheep dip. 
. 6. Water soluble disinfectants. 
c. Powdered disinfectants. 
8. Wood preserving oils. 


METAL PAINT. 


A highly satisfactory metal paint can be prepared by dissolving 
pitch in the light oils obtained in the distillation of tar. Many speci- 
fications require that such a paint should dry quickly ; then the light- 
est oil, crude naphtha, is employed as a solvent. A very hard pitch 
will not dissolve readily in that oil. For this and other reasons it is 
more satisfactory to use a medium grade of pitch. The consistence 
must be such that the paint will flow well under the conditions pre- 
vailing at the time it is used. However, as the light oils evaporate 
readily and mostly do not remain in the paint film, the more oil used 
per unit of pitch the thinner will be the coat or film of paint. <A for- 
mula for a metal paint that will flow well and can be applied with a 
brush .at ordinary temperatures is: Medium soft pitch, 40 gallons; 
crude naphtha (from tar), 60 gallons. 

A convenient way of preparing this paint is to use the fresh hot pitch 
before it has solidified. Draw off the desired amount of pitch in a 
kettle and then add the oil slowly and with constant stirring. When 
a paint of requisite consistence is obtained, it is well to determine 
with a hydrometer the specific gravity at a definite temperature in 
order that subsequent batches can be prepared like the original. It 
is preferable to have some of the higher boiling oils present in such 
paint, but these oils are not suitable when quick drying is essential 
and the paint must be applied cold. 

Paint prepared according to the formula given is very elastic, but 
this elasticity is not permanent. On surfaces exposed to atmospheric 
conditions and to the sun, the paint film gradually becomes brittle. 
The time required for brittleness to develop depends, in part, on the 
free-carbon content of the paint. A paint having a moderately low 
free-carbon content is superior to one of a high content. Finely 
ground opaque pigments are sometimes used in bituminous coatings 
with the intention of excluding the actinic rays of light which play an 
important part in the decomposition of such coatings. The paint 
withstands high temperatures fairly well and is accordingly well 
adapted for use on stacks and boiler fronts; it is also particularly 
adapted to use underground, in tunnels and on pipe. 

When the paint can be conveniently applied warm or to a warm 
surface, light oil may be substituted for crude naphtha to good ad- 
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vantage. Similarly, when castings and fittings are “dipped,” it is 
desirable to use light oil as a solvent and to employ a warm bath. 
Closed steam is preferable to a direct fire for heating the paint bath. 
By the addition of certain resins and linseed oil, the latter in 
proportion varying from 15 to 25 per cent, a paint may be prepared 
with somewhat better weathering properties, but its cost is higher. 


ROOF PAINT. 


For shingle roofs, a black paint is made similar to the metal paint, 
but naphtha is not, and should not be, employed as a solvent. In 
fact, it is better not to distill the tar to pitch but merely until the 
creosote oil fraction starts to come over. The refined tar so produced 
may then be “cut back” with creosote oil until the consistence is 
such that the paint flows freely from the brush. A minimum content 
of free carbon assures the deepest penetration of the paint into the 
wood ; therefore, for this purpose a tar low in free carbon is superior 
to one with a high content of free carbon, other things being equal. 
The quantity of oil and pitch or refined tar used will depend on the 
specific gravity of each and on the degree of fluidity desired in the 
paint. On the assumption that the paint is to be made from pitch 
and oil of the specific gravities 1.20 and 1.04, respectively, and is to 
have approximately 1.08 specific gravity at 60° F., the quantities re- 
quired to make 100 gallons,are: Pitch (1.20 specific gravity), 25 
gallons; tar oil (1.04 specific gravity), 75 gallons. 

Tf refined tar with a specific gravity of 1.16 is used with a lighter 
oil as solvent and thinner, the proportions may be as follows: 


Gallons. 

Refined tar. (specific gravity; 1.16) <s22-2s.22-sssesecnncssneseccseecsecee 50 
Tar oil. (specific: gravity,, 00) sss 320 oo she atc sd snes cee nn sesne 50 
Paint (approximate specific gravity, 1.08) -----.---_---------_--_--_- 100 
When a thinner paint is desired, proportionally more oil will be 


required. 

A shingle roof should be thoroughly dry before it is painted, for 
if it is some of the paint will be drawn up into the shingles beyond 
the overlapping joint, a place that can not be reached with a brush. 
As it is along such joints that the shingles decay first, the importance 
of this precaution is evident. A roof coated with this paint does not 
retain a jet black appearance, but a slate color that usually is prefer- 
able. 

In such a paint the waterproofing qualities of the bitumens are 
added to the strong preserving properties of the tar oils, making a 
very desirable combination. It is absorbéd by the wood to a great 
extent rather than left entirely as a film on the surface, and might 
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with some propriety be termed a stain. Stains, mentioned later in 
this paper, do not include the heavier bodied tar or pitch mixtures. 

Roof paint for “ patent roofs”—roofs covered with specially pre- 
pared roofing paper—is not made in this way, yet does not differ 
much. In the discussion of metal paint (see p. 45) attention has 
been drawn to the fact that bituminous materials are affected dele- 
teriously by exposure to the sun and by atmospheric conditions. 
The same disintegration takes place in roofing materials, which be- 
come hard and brittle simultaneously and are said to have lost their 
“life.” The application of a bituminous paint at intervals freshens 
the roofing and prolongs its usefulness. As one would naturally 
suppose, such a paint must be heavy “bodied” and have a rather 
high content of bitumen. : 

Although it is not uncommon to find ordinary coal tar used for 
this purpose, the better way to prepare a satisfactory roof paint is 
to “cut back” a soft pitch with an oil free from naphthalene. Light 
oil is suitable. A lighter oil would perhaps make the paint dry 
quicker, but quick drying is not essential nor particularly desirable. 
The heavy oils make a slow-drying paint. A suitable pitch paint 
may be prepared by adding light oil slowly to melted pitch while 
the mixture is being constantly stirred. The following amounts have 
been used in a paint that seemed to fill the requirements: Soft to 
medium soft pitch, 75 gallons; light oil, 25 gallons. 

The specific gravity of this paint is approximately 1.15. Mixtures 
of the same specific gravity do not have the same viscosity or fluidity ; 
in other words, the fluidity of mixtures made to a specific gravity 
of 1.15 is not the same, regardless of the kind and quality of the 
pitch and oil used. Hence a paint of 1.15 specific gravity may have 
the desired consistence in one purpose, but it may be either too heavy, 
too viscous, or too thin for another. It is best to make a standard 
paint from the materials available and prepare subsequent batches 
similar to it. 

A prepared paint always sells at a higher price than tar, and it is 
therefore not surprising that painters and roofers sometimes add 
rather large quantities of water-free tar to the paint. 


POLE AND POST PAINT. 


Unlike wood-preserving oil, pole and post paint is seldom pur- 
chased in large quantities; therefore, rigid specifications for it are 
rare. Accordingly, it sometimes happens that the small tar dis- 
tillery utilizes for this purpose those tar products on hand for which 
there is no other market, and the paint may be sometimes straight, 
tar, tar and naphthalene, or tar, pitch. and oil mixed. 
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The usual intent in painting posts and poles is to retard decay. 
Hence the paint may be chiefly a preservative oil of tar, a high-boil- 
ing oil that will be readily absorbed by the wood, it may be chiefly 
a bituminous material plus a solvent that will leave a bituminous 
coat on drying, or it may be a combination of both. Many mixtures 
can be prepared for treating poles, but it seems enough to say that 
a paint similar to the heavy roof paint previously mentioned or a 
thin mixture consisting of tar and creosote oil in approximately 
equal proportions can be used. The mixture must be water free and 
should be applied to dry timber only. 


SHINGLE STAIN. 


A stain suitable for use on new structures where it is desirable to 
retain the new look of the shingles is commonly composed of either 
“straight” creosote oil or mixtures of creosote oil and varying 
amounts of linsced oil. Occasionally resins also are added. On 
account of the difference in price, the tendency is to use considerably 
more creosote than linseed oil. A large percentage of light volatile 
oil, or an oil containing appreciable amounts of naphthalene, should 
not be used. Stains are often ruined by the painter’s desire to make 
them flow more easily from the brush, for which purpose he adds 
kerosene. The writer has tested a number of stains now on the 
market that are composed chiefly of light mineral oil and creosote 
with drier and linseed oil. While the mineral oil may help to pre- 
vent solidifying of the pigment at the bottom of the container, it 
has not the germicidal or wood-preserving properties of creosote. 
One large oil company interested in selling petroleum products sug- 
gests the following formula for a shingle stain: 


Formula for a shingle stain. 


Gallons, 

Light aieutraloil,\.p: 789; 0.8072 2552-2 Sse EO oe ee 2 
Turpentine substitute, mineral naphtha____------_-_------___----______ 2 
Botled linseed: Oil..cusccus22s.3 sce se gs esses Sess sa csasneusclGessacelcse 1 
Ooal-tar: creosote, xtra heavy _-222-..44-5 con sss sescecsseeecescnn ces 4 
Goodiliquid) driets- _.—2.-- 45564525255 2eni sep aseeoe scent nian ee 4 
Oth) uc ossenessaaas ooss5 sc ouaetas ane nsaSaeeesesseeses es aneses 93 


Color pigment, ground in oil, 1 to 2 pounds per gallon of stain. 


In the writer’s opinion this stain would be improved by substitut- 
ing for the mineral naphtha, crude coal-tar naphtha or some of the 
first portion of the light oil distilling from tar. The preserving 
effect on the shingles is usually not given as much consideration as 
permanency of color; hence the selection of the best stain for a par- 
ticular purpose will depend on the preference of the user. 
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ROOF CEMENT. 


When prepared roofing is laid, some means of cementing the over- 
lapping surfaces is required. Using melted pitch for this purpose is 
not considered here, for the reason that melting a small quantity of 
pitch and keeping it at the proper temperature are quite unhandy. 
It is preferable to use a cement that can be spread with a brush or 
trowel and will set as a firm waterproof film capable of withstand- 
ing the heat of the sun without melting. A material of this type 
may be prepared by “ cutting back” a bituminous material, such as 
pitch, with a volatile solvent, benzol or light oil, for example, using 
as little of the solvent as possible. Roof cement is often prepared 
with the addition of other materials, such as sulphur or resins. 
Usually the cements “ set ” by the evaporation and absorption of the 
volatile constituent. The consistency desirable in the cement de- 
pends somewhat on the climatic conditions; therefore the proportions 
of bitumen and solvents must vary. The consistence should be such 
that the cement can be applied conveniently while warm and yet be 
heavy enough to hold the roofing surfaces in intimate contact. Roof 
cements are also used in repairing prepared roofs and prepared 
shingle roofs. 


FLUME CEMENT. 


In irrigation and mining districts where water flumes on trestles 
are common it is necessary to prevent excessive leakage of water in 
order to protect the foundations from being washed out. It some- 
times happens that water is admitted to these flumes for definite in- 
termittent periods between which the flumes are empty. Such con- 
ditions are ideal for warping and buckling the flume timbers and 
resultant leakage. A common remedy is the application of a pro- 
tective coating to the inside of the flume. This coating should with- 
stand atmospheric changes as well as the action of water. 

One method of reducing leakage involves mopping or brushing 
molten pitch, or pitch preparations, on the inside walls and bottom 
of the flume, when it is dry. A so-called cement successfully used . 
for this purpose consists of a medium soft pitch (coal-tar pitch) to 
which has been added, while it is liquid and hot, one-half to one per 
cent of sulphur. The sulphur, in powdered form, is added slowly 
while the mixture is continually stirred to keep it from boiling over. 

Because of the need of conserving water, many flumes that are 
partly submerged in the ground have to be waterproofed. Similar 
coatings of pitch or pitch preparations are used for this purpose and 
the surfaces coated are usually “sanded” before the coating has set. 

59456°—21—__-4 
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DISINFECTANTS AND INSECTICIDES. 


Numerous antiseptics, insecticides, and disinfectants in common 
use are prepared with crude coal-tar products as their chief active 
ingredient. These preparations are used for widely different pur- 
poses, and include sheep dips, dog washes, cattle-car sprays, disin- 
fectants for prisons, jails, hospitals, and household purposes, and dis- 
infecting or antiseptic sprays for stables, barns, chicken houses, and 
street cars. In the manufacture of these preparations, consideration 
is given to the fact that the acid fractions, the middle-oil and creo- 
sote-oil fractions, have higher value as germicides than the other 
crude distillates from tar. The “straight” oil is ordinarily too con- 
centrated to use alone, hence for this and other reasons many of 
these manufactured products are made in such a way that they are 
miscible with water in almost all proportions. Some form a clear 
solution and others a milky emulsion when diluted with water. The 
advantage of this form of preparation is that disinfectants or germi- 
cides of the different strengths required for different purposes may 
be prepared by merely diluting. properly with water. 

The preparation of these concentrated products usually involves 
the addition, in as small quantities as possible, of an emulsifying 
agent to the crude tar distillates having the highest germicidal value. 
In many of the ordinary disinfectants the fraction used is the oil, 
freed from naphthalene by chilling, that includes the crude carbolic- 
oil fraction and the creosote-oil fraction. Animal dips are made 
from the heavier fraction only, as the more poisonous carbolic acid 
is undesirable in such preparations. For hospital use, a product of 
higher grade frequently employed, is made from the refined creosote 
oil or from “cresols” obtained from creosote oil. The ordinary 
product is made by mixing a rosin-soda soap with the tar oil in the 
following proportions: 


Formula for a representative disinfectant. 


Pounds. 

Rosin, common grade, yellow_--------------------_----------_~________ 954 
Caustic soda, commercial, 98 per cent__-----------------_-_____-__-___ 143 
Water (approximately 6 gallons) _--__---________________-___ 49 
Acid tar oil, 1.025 sp. gr. (approximately 33 gallons)_-_-_-__________ 283 
Total finished product (50 gallons)__--.-_----- ute § 442 


METHODS OF MAKING DISINFECTANTS AND GERMICIDES. 


Two different methods have been recommended for making these 
preparations. One consists of dissolving or melting the rosin in the 
hot oil and slowly adding, with constant stirring, the caustic soda 
previously dissolved in water. The other method consists in prepar- 
ing a rosin-soda soap by warming the rosin with the caustic soda 
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solution and finally adding the oil slowly and with constant stirring. 
It has been the author’s experience in making these preparations that 
the latter method is preferable, as any excess water that may have 
to be added can be evaporated before adding the oil, thus eliminating 
the loss otherwise occasioned by evaporation and lessens the danger 
of boiling over. To prepare the product according to the formula 
given proceed as follows: 

Melt the rosin in an iron kettle with closed steam, using a steam 
coil or a jacketed kettle, and meanwhile dissolve about half of the 
caustic soda in about three-fourths of the water. Add this solution 
slowly to the melted rosin, heating and stirring meanwhile. Dis- 
solve the balance of the soda in the remaining‘ water and add this in 
the same manner. The soapy mass looks milky at first, but the rosin 
soap that forms will have a smooth, dark, “livery” appearance. 
Heating hastens the reaction and evaporates the excess water, leay- 
ing the soap in proper condition for use. If the soda and rosin do 
not combine readily it may be necessary to add more water, boil, and 
then evaporate the extra water. To the hot boiling soap add the oil, 
small quantities at a time, stirring continually meanwhile. After 
about a third of the oil is added, turn off the steam, add the remain- 
ing oil and mix well. The finished product should be clear; in 
thin films, as those produced on the walls of a glass vessel when agi- 
tated, it should be amber red but transparent. Cloudiness usually 
indicates an excessive amount of water, which can be corrected by 
evaporation. When a small amount of the mixture is poured into 
water, a white milky emulsion should result without the deposit of 
oil at the bottom. The water content of the finished product is 
usually a little less than 10 per cent. In compliance with the insecti- 
cide act of 1910, it is necessary when making interstate shipments to 
state the percentage of inert ingredients (water in this case) as not 
exceeding a definite amount. The oils used should be freed from 
naphthalene, for the latter causes the oil to “fall heavy” and collect 
at the bottom of the vessel when mixed with water; it also causes 
‘‘ greasiness ” when present in appreciable quantities. 


DIPS AND WASHES. 


When these preparations are made especially for animal dips or 
washes, the creosote fraction or a derivative therefrom is employed 
in place of the oil used in the above formula. The same method 
of preparation and similar proportions as above are used. The oil 
used generally contains 20 to 25 per cent of phenols other than 
carbolic acid. For further details on dips and directions for their 
dilution see bulletin 107 of the Bureau of Animal Industry.** 


%® Chapin, Robert, Analysis of coal-tar creosete and cresylic acid sheep dips: U. 8, Bu- 
reau of Anima) Industry Bull. 107, 1908, 35 pp. 
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Washes of higher grade, for hospital use, are made in a slightly 
different manner. The rosin-soda soap is usually replaced by a 
vegetable-oil potash soap, and in place of the crude tar oils a refined 
product is used, which is a mixture of tar acids obtained from 
creosote, known as cresols. Glycerin is sometimes added. A well 
known, highly advertised product of this nature is composed of the 
following ingredients: 


Composition of a arash for hospital use. 


Per cent. 

‘Ores0is 2 A206 fe hs eee poet cle sdasdugese abe SAL Ae 50 
Potash’. 808) -55ss5s-ssssscstesseu Sesss ccs osssece sce esac secoscs setae 20 
Water with: little elycerinz.-.---..-<<-2s-s2252 52 3hen needa esses 30 
Total s2 sane se so soes nt Sn sa saheenncbanasseaeeesatdsseeeeeeseas 100 


The oils commonly used for making the potash soap are linseed oil, 
cottonseed oil, corn oil, or soy-bean oil, or mixtures of any of them. 
Linseed oil, however, saponifies more readily than the others and is 
more frequently used. To prepare such a solution proceed as follows: 

Make a solution of caustic potash by dissolving 23 pounds of 98 
per cent caustic in enough water to make 90 pounds, giving a solution 
with a gravity of approximately 24° B. Heat 100 pounds of raw 
linseed oil in a steam-jacketed kettle and when the oil is hot add the 
caustic a little at a time, continuing the application of heat. After 
about one-third or one-half of the caustic solution has been added, 
it may be necessary to add some cold water. Approximately 110 
pounds of cold water will be required in all, but the caustic should 
all be added before more than one-half of the water is used. In- 
stantaneous saponification or sudden heating and boiling over can 
be prevented by adding cold water when this tendency is observed. 
The yellow emulsion that first forms gradually changes to a clear, 
transparent amber-colored soft soap, which in mass looks dark. 
When saponification is complete and a sample of the product dis- 
solves in water without oily particles rising to the surface, the oil 
or cresols may be added. The formula for the completed product 
thus prepared may be as follows: 


Formula for a arash for hospital use. 


lounds. 

Rav -linseed' oil-252222ss222enscesesscsaccesusesissges eet seas aSsk= 100 
24° 'B: -caustic: potash. solutioni-<>..-2s-.- 20sec snnceseswsten cece 90 
Wittler2sccseuso tte cu ckcs Hiei esas Ssch oh cos eo sseuns Ss toesie eaten 110 
Crecols Or Atidar GS 5 oc oe sn kc cn an cmhatcums won sseasstcadasin 250 to 300 
(TOlH) <Sanccscstssoae cee eons asagseeck sole att eeeae= 550 to 600 


Considerable leeway exists for changing the relative proportions 
of soap and acids and for adding other substances, 
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The official U. S. P. product has the following formula: 


Official formula for wash for hospital use. Pounds. 
CPresole ss42 seen Hees eek se pe eeuae sat anien sane oocawane ceeeeebassowes 50 
Tiriseed! Oil 33o85c ono Son sdn ccc dusnnssccarencanacuson nest ssecaeetes 30 
Caustic potash: "(U0}::S:, Bi) as+22562 40-55 en Se enh ce desea seesscscn cee 8 
AlCOnG) 225 (22a cc cane oe oseen Snes cba hee ce cee eae cen eee See ese ase eee 3 
Wrater-to makeoscss-c5024s Soke cence ecocesvesnesee una sodeseesenetese= 100 


and is prepared as set forth below: ; 

Heat the linseed oil to 70° C. (158° F.). Dissolve the caustic 
potash in 5 pounds of water and heat to 70° C. Add this solution 
to the oil.and mix thoroughly; then incorporate the alcohol and 
continue to heat without stirring until a small portion is found to 
be soluble in boiling water without the separation of oily drops. 
While the solution is still warm, add the cresol and mix thoroughly, 
maintaining the temperature at 70° C. Last, add water to make 
the total quantity weigh 100 pounds. Note that in this process the 
8 pounds of caustic potash may be replaced by 5.4 pounds of caustic 
soda. In making calculations, it should be remembered that U. S. P. 
caustic potash is approximately 85 per cent pure caustic potash and 
that U. S.. P. caustic soda is approximately 90 per cent pure caustic 
soda. 

Preparations like the foregoing are often rated according to their 
ability, in dilute solution, to destroy certain germs or bacteria. 
Phenol is used as the standard, and preparations that are 1 to 10 times 
as strong as phenol are said to have a plienol coefficient of 1 to 10. 

Other acids in tar distillates have higher phenol coefficients than 
cresol, although they are present in much smaller proportions. Dif- 
ferent tars contain them in different proportions. Xylenol (di- 
methyl-phenol) is such an acid and is said to have a phenol coefficient 
of 10 to 12. 

Many other preparations on the market have coal-tar products as 
an active ingredient. Naphthalene dissolved in benzine and tur- 
pentine or other solvent is used as a spray for protection from moths, 
and is also a common bedbug exterminator or repellant. Drip 
solutions and lavatory disinfectants are other minor preparations 
that are so prepared. Many powdered antiseptics and disinfectants 
are also prepared from tar products. Flake naphthalene is used 
for this purpose and may be mixed with varying amounts of other 
powdered materials which may be inert or active. Powdered slacked 
lime that has absorbed a considerable amount of tar oils or of crude 
carbolic acid finds use as an insecticide and fungicide. 


WOOD-PRESERVING OILS, 


In addition to the pure distillates of coal tar, wood-preserving 
oils for some purposes are made by mixing coal tar with the heavy 
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coal-tar distillates. The content of tar permissible in the mixture 
depends upon the specifications of purchase. Not uncommonly a pre- 
servative is required with a specific gravity of 1.06 to 1.12, a free- 
carbon limit of 2 per cent, and a residue, on distillation in a retort 
to 355° C., of not more than 40 per cent. It is evident that the 
maximum amount of tar that can be added here depends entirely 
on the specific gravity, the carbon content, and distillation residues 
of Voth the oil and the tar, as is clearly shown in the example below: 


Example of a tar and oil mirture. 


Assumed proper- 

ae, ae Mixturea 

of 1 part 
tarand 3 
Coal tar. | Tar oil. Parts oil. 

f 

Specific gravity... 52. .s..cesycscrrreccensretserecscteccscseccccscenesseees 1.18 1.04 1.075 

Bree CARDO i v.55s5 5505560 5.ceF ova ca ee Ree aeeas Soee eset catoness per cent... 6 .0 “\ 
Residine Over:356° Ca... os caste cents s doce cateesdetesesadssecsaeeees do.... 70 10 | 6 25 to 30 

@ Parts by volume. + Approximately. 


This mixture fills the requirements of the specification, whereas 
neither the tar nor the creosote oil alone would pass. . 

As tars of low specific gravity usually contain the least free car- 
bon, it follows that they can be used in greater proportions in tar- 
creosote mixtures to meet specifications such as those mentioned. It 
will be noted that a tar containing 20 per cent free carbon can not 
be used in proportions larger than 10 per cent of the total mixture 
and pass the specification cited above. 

The use of tar in wood-preserving oils is in one sense an adultera- 
tion, but gives the oil certain desirable properties. 

The presence of the bitumen of tar increases the waterproofing 
qualities as well as the proportion of high boiling constituents. The 
latter retard evaporation of the preserving oil, do not evaporate, and 
are desirable for other minor reasons in wood preservers for some 
purposes. Incidentally, this use of tar increases the possible output 
of wood preserver from a plant and the total available supply; 
also it decreases the average cost per gallon. To make possible the 
utilization of the maximum percentage of tar in these mixtures, the 
tar is sometimes filtered and centrifuged to reduce the percentage of 
free carbon as much as possible. 


PRODUCTS OBTAINED BY FURTHER REFINING THE CRUDE 
DISTILLATES. 


Highly refined coal-tar and chemical products are not prepared 
in the tar distillery, but are usually manufactured in a separate 
plant from the cruder materials supplied by the tar works. How- 
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ever, some of the larger distilling plants prepare crude and refined 
benzols, cresols, and naphthalene. War conditions brought about 
changes in the operation of tar works, some crude chemical products 
being made by plants that under ordinary conditions had no induce- 
ment to consider manufacture. Products whose manufacture is 
briefly considered here are as follows: Crude and refined benzol, 
solvent naphtha, crude and refined toluol, xylol, crude and refined 
carbolic acid and cresol, crude and refined naphthalene, and crude 
and refined anthracene. 


BENZOL AND SOLVENT NAPHTHA. 


Crude naphtha, the first distillation fraction from tar, contains 
benzol, toluol, and other hydrocarbon oils. The initial step in re- 
fining naphtha is washing with dilute (12 per cent) sulphuric acid 
by agitation. Then the naphtha is allowed to settle, separated from the 
acid, washed with water, and finally washed with dilute (about 6 per 
cent) caustic-soda solution. These washings remove a small percentage 
of the original volume and include substances known as “ bases” and 
“phenols.” The purified oil is redistilled with closed steam in spe- 
cial stills. In some stills live steam is also used. The method of 
distillation or fractionation employed depends on the product de- 
sired, whether 90 per cent benzol, 50 per cent benzol, or another simi- 
lar product. The fact that the various constituents of crude naphtha 
have different boiling points is utilized in separating by distilla- 
tion. Table 8 showing 90 per cent benzol signifies that product from 
naphtha which on distillation will yield 90 per cent distillate at 
100° C. Accordingly, 50 per cent benzol may contain a considerably 
larger proportion of higher boiling oils, such as toluene and xylene. 
Sometimes, particularly when an especially pure or high-grade ben- 
zol is desired, a double distillation is made. 


TABLE 8.—Some properties of the light oils from coal tar. 


Wash | Fash point 
pet Specific grav-| *est A'S WM. 
Oil. Color. Distillation. ity at 60° F, ‘4 ed closed tester 
than— method). 
Pure benzol »...; Water white., 100 per cent within 2° C...,....-. 0. 875 to 0,885 | No. 4..| Below freez- 
ing. 
100 percent|..... 0s. sinse5 | 100 per cent at approximately | .875to .885 | No.6. Bo. 
benzol. and not above 100° C. 
90 per cent ben- |.....do........ Approximately and at least 90 | .870to .882 | No.6... Do. 
zol, per cent at 100° C, | 
| Anpepebuately and. at least 50 | 
50 per cent ben- per cent at 1 2 . 
tok, }....do madatseg Approximately and at least 90 -868 to . 880 | No. 6..) About 230 F. 
per cent at 120° C, 
Between 79.5 and 135° C.........4 
Motor benzol...|...-. Cl ed \ ae Samad 85 per cent at |>.870to .882 | No. 6..|. woceceessenes 
'{ 100° C, 


@ As published by The Barrett Co. in its pamphlet “ Refined coal-tar products.” 
© Pure benzol should crystallize at approximately 5° C. 
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TaBLe 8.—Some propertics of the light oils from coal tar—Continued. 


spect gray-| teat | Cass Rig 
. : Specific grav- ae | (A:.8. T. ME. 
oul. Color. Distillation. ity at 60° F. zn Closed tester 
Shang method). 
Bisa wieclor ben- Straw........ At least 80 per cent at 100° C..... - 862 to .882 | None. |.............. 
Lol. 
Pure toluol.....} - 100 percent within 2°C.......... - 864 to .874 | No. 4..! +7° F. 


Commercial tol- 
uol. 


Straw-color tol- 


fNot over 5 per cent at 100°C... .. 
- ,Approximately and at least 90 |}. 864to .874 | No.6..| About +15° 
| per cent at 120°C.............. F. 

At least 80 per cent at 120°C..... . 862 to .872 | None. About +17° 


: 100 per cent between 137 and 142° . 860 to .870 | No. 6..| About 82° 


uol, 
Pure xylol...... 


. ; Not over 5 per cent at 130°C..... 
Solvent’ nap Se eeOOsccsgens Tao ostreenie and at least 90 |}.862to .872 | No. 14¢| About 80° F. 
tha. | per cent at 160° C. 
use (erent Dark straw ..| At least 80 per cent at 160°C..... -862to .882 | None. Do. 
naphtha, 
Hi-tlash naph- | Water white.| 100 per cent between 150 and 200° | .870to .880 No.94.| Not below 
tha Cc. 100° F. 


Crude heavy 


sale MA Not over 10 per cent at 160° C.... | 
avant aRpls Amber tored. {At least 90 per cent at 200° C..... |} .940 to . 986 | None. | 


Deep amber (ree over 10 per cent at 160° C....) \ 925 to .950 | None. {Avout 115° 


fg, eer 


Heavy naphtha. { 
| 


¢ 66 acid 5 minutes. 
4 60 acid 5 minutes. 


to dark red. |\About 70 per cent at 200° C....... J° 


One method of working up the washed crude naphtha is by dis- 
tilling it with closed steam, thereby separating two fractions—crude 
benzol and crude solvent naphtha—and a heavy residue. Open 
steam is sometimes used during the latter part of the distillation. 
The crude benzol is collected until a sample of the distillate from 
the condenser, on distillation in a laboratory retort, shows the first 
drop at 110° C. The second fraction—“ crude solvent ”—is now 
collected until the oil coming from the condenser has a specific 
gravity of approximately 0.968 at 60° F. The residue is worked up 
with heavier distillates. The crude benzol is then washed with one- 
half to 1 per cent of its volume of concentrated sulphuric acid and 
subsequently with water, with dilute caustic soda solution, and 
finally with water again. This washed product is rectified and the 
products collected are 90 per cent benzol and 50 to 90 per cent ben- 
zols. By a second rectification of the 90 per cent benzol, a pure 
product—pure benzol—is obtained. 

The crude solvent naphtha is washed similarly with acid, water, 
and alkali and is rectified into a fraction known as 90 per cent at 
160° C. However, various solvent naphthas are prepared according 
to their intended uses. Moreover, by further rectification solvent 
naphtha yields a number of products as, for example, toluol and 
xylol. The residue from the last benzol rectification is added to the 
crude solvent naphtha and the residue from the further distillation 
of this fraction is utilized with higher boiling fractions. 

Chemically pure benzol, known also as benzene, is a definite 
chemical compound, and is quite different from the petroleum prod- 
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uct known as benzine. It boils at 80° C. and “ freezes ”—solidifies 
to a mass of crystals—at approximately 5° C. Its specific gravity 
is 0.885 at 60° F. This product is of great importance commercially, 
as it is the source from which aniline and many dyes, as well as other 
chemical products, are made. Synthetic carbolic acid is also pre- 
pared from benzol. Pure benzol is not used as a motor fuel, although 
mixtures containing it with toluol, solvent naphtha, and gasoline are 
particularly suitable for this purpose. A large gas company pro- 
ducing quantities of this oil recommends as motor fuel a mixture con- 
taining: 
Recommended composition of a motor fuéb. 


Per cent by volume. 


TolWO = <i uc-5. nes caat Accs se eeten ccd 5eseusae sesso ceecsune caeeces 50 
Benz6ly. vas acoa we se icneean soa On noses Sree nace eogtasee ce 40 
Solvent ‘naphtha... == -. = s<ee.2-- 55 eS eee ee sesso eet 10 

Ot). oss meectese SasecaasesosesSeesesSouste Sse eseeecs 100 


The benzol, toluol, and solvent naphtha are obtained from city gas by ab- 
sorption—stripping—and not from coal tar. 


Benzol and gasoline mixtures containing 50 to 70 per cent of benzol 
make satisfactory motor fuel. Toluol may also be used successfully 
if added to such a mixture. On starting a motor in cold weather, 
less difficulty is experienced from these mixtures than from the 
formula recommended above. 

More energy is stored in such a motor fuel than in an equal volume 
of ordinary gasoline, the relative values being approximately as 
follows: 

Heating value of gasoline and benzol. 


Heat of Heat of 
combus- combus- 
tion per tion per 
pound of | gallon of 
com- com- 
bustible, | bustible, 
B.t. u. B. t.u. 


It is claimed that use of such a fuel in an automobile will give 25 
per cent more mileage. 

Benzol is preeminently a solvent; it dissolves soap and many other 
substances containing water. It is invaluable in the manufacture of 
paint, for its use in small quantities in mixed paints prevents “ liver- 
ing” or saponification due to alkaline tendencies of the paint. It is 
used in paint for priming and is said to give a firmer bond between 
the paint film and the wood. The varnish and the rubber industry 
also make extensive use of the solvent properties of benzol. 
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The uses of benzol and of products obtained from it can be shown 
es follows: 
Use of benzol. 


ANIUNG griscscsosscesekaeestedcaces | Dyes of various colors. 
| (Explosives. 
= ; in ant Drugs. 

Synthetic carbolic acid. ........... Antisepties. 

Penrod!’ 2) sche ores kee ee eeessaa tne | Motor fuel. 
AS Ce Pepe ery ee, oer | Solvents, in paint, oil and rub- 

| ber industry. 

PoP TSE TT POST ESTEE Cleaning solutions, 
Miscellaneous chemical products... Flavoring and perfume materials. 


Solvent naphtha is used as a solvent much the same as the benzols. 
Because of differing in flash point and boiling point solvent naphtha 
is preferable to benzol for many of the uses to which the latter is put. 
It is also used in the refining of anthracene and in other chemical 
washing processes. , 

TOLUOL. 


Pure toluol (also known as toluene) is a colorless oily liquid with 
an odor somewhat like that of benzol. Its freezing temperature is 
low, nearly—100° C., Its boiling point is 111° C. and its specific 
gravity is 0.872 at 60° F. Its chemical properties are in many re- 
spects like those of benzol. 

Commercial toluol, a product of which 90 per cent will distill be- 
low 120° C., is usually obtained from crude benzol. The crude ben- 
zol distilled between approximately 100° and 120° C. is termed com- 
mercial toluol and has a specific gravity of 0.862 to 0.870 at 60° F. 
The uses of this product are similar to those of the benzols. Having 
a higher boiling point it is less volatile and dries more slowly when 
used in varnishes and similar preparations—an advantage in many 
of these preparations. It is a valuable ingredient in turpentine 
substitutes. 

Commercially pure toluol may be prepared from the 90 per cent 
toluol by further distillation and rectification. As the boiling point 
of pure toluene is 111° C., the fraction separated begins to boil at 
111° C. and to yield 95 per cent at about 111.8° C. or 100 per cent 
within 2° of the boiling point of toluene, that is, 111° C. 

Chemical plants work this product into a more refined product. 
Commercial toluol is the source of the explosive T.N.T. (trinitro- 
toluene), of dyes for cotton, of synthetic flavoring, and perfume ma- 
terials, and of other chemical compounds. 


XYLOL. 


Xylol is another commercial product from the light fraction of 
coal tar. It has a higher boiling point than benzol or toluo] and is 
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recovered from the distillate residues from the preparation of pure 
benzol and pure toluol. Pure xylene exists in a number of slightly 
different forms having boiling points ranging from 187.5° to 142.6° 
C. Its refining is like that of benzol and toluol. A fraction is col- 
lected a large percentage of which will distill within close tempera- 
ture limits, approximately 136° and 140.5° C., the limits varying 
according to the specifications of purchase. The crude product is a 
water-white to pale yellow oil with a specific gravity of 0.865 to 
0.87-+; the specific gravity of purified xylol is 0.87. 

Xylol is a satisfactory solvent and, as its high boiling point indi- 
cates, does not volatilize rapidly in the air at atmospheric tempera- 
tures. Therefore, it is used for purposes requiring the use of prod- 
ucts that volatilize slowly. Pure xylol is the source of a number of. 
synthetic chemical compounds. 

Weiss estimated that in 1911 the coal-tar solvents used in the 
United States were apportioned as follows: 


Uses of coal-tar solvents in 1911. . 


Per cent. 

Paint and varnish Industry._-_..---------.----------~--_-----------.- 47 
Rubber’ arid rubber: ‘cement. 2-.... 25 ...2.- << 5-28 css eects 18 
Imitation-leather industry =... -<<.- 52.2235 Ssn5$ ace as en en onacens- 10 
Chemical. manufacttirers: .<s2s-2c5e25:.5 sce cec Gee csccsccusasssscnctes 11 
Miscellaneous ..22s-=-2<+2--s45 28-3 cana seo ences eascseec ce 14 
Totaly (2,000,000. Gallons) 2525) sok hw ko eee cnceeecwacenclen 100 


These figures do not represent the present distribution of coal-tar 
solvents. The World War with the development of the gas-stripping 
process and recovery of toluol and benzol, the increased use of ex- 
plosives, the development of the chemical industries, and the use 
of benzol and toluol in motor fuels have altered conditions which are 
not stable at the present time. 


CARBOLIC ACID, 


The middle-oil fraction obtained by distilling tar is the oil “ worked ” 
for carbolic acid. Acid portions obtained in refining the lighter frac- 
tions are combined with this fraction and refined. Pure acid usually 
is not prepared at the tar works, but at a special chemical plant, and 
smaller tar works do not even undertake to produce crude carbolic 
acid. In some parts of the country the writer has found crude car- 
bolic oil being sold under the name “ crude carbolic acid.” The crude 
oil as it comes from the still contains about 20 to 40 per cent naph- 
thalene and 15 to 35 per cent of tar acids, which include cresols and 
carbolic acid. There is 5 to 12 per cent of carbolic acid in this oil. 
The percentage of tar acids in tars is shown in Table 2, page 9. 
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The method of “ working up” the acid distillates from tar depends 
on the character of products sought, which may be a single product 
like crude acid containing phenol and cresols, or a number of prod- 
ucts such as crystallized carbolic acid, crude carbolic acid, and re- 
fined cresol. The general process of manufacture is much the same, 
but the washing methods, strengths of washing solutions, and distilla- 
tion fractions separated are of course dissimilar. Details of the 
process can not be described here, but only the basic principles of 
refining considered. 

The separation of two or more allied substances depends on differ- 
ences in their properties. Phenol and cresols have much the same 
chemical properties, and their separation from the nonacid bodies 
is based on their solubility in dilute caustic soda solution, which 
yields concentrated acid when the soda is neutralized with sulphuric 
acid or its equivalent. They actually combine chemically with the 
soda solution forming carbolates and cresolates. The separation of 
the tar acids is based on a difference in boiling point. Pure phenol 
boils at 182.6° C., but cresol has a much higher boiling point, 192° 
to 202° C. Cresol exists in three modified forms known as three dis- 
tinct cresols, with boiling points 192° to 202° C. As used here, the 
word “cresol” means a mixture of the three in any proportions. 

When only a crude acid, one that contains the cresols and phenol, 
is desired, the middle oil and the acids recovered from the light oil or 
with the last portion of the light oil distilled are given fewer wash- 
ings and distillations than in preparing the purer product, and 
stronger caustic-soda solution is used. 

When pure refined phenol is sought the first washings are made 
with weaker soda solutions and the subsequent washings with 
stronger solutions. The weaker solutions yield the highest grade of 
phenol. 

Crude cresylic acids are prepared from the residue acid in the 
separation of phenol. Pure cresol is prepared from the crude prod- 
uct by distillation and fractionation. Commercially the name “ car- 
bolic acid” is not applied to phenol alone; it is sometimes given to 
crude tar acids containing cresols mixed with high or low percentages 
of phenol. Crude carbolic acid was recognized in the United States 
Pharmacopeia, 1890 edition, as consisting of 90 per cent tar acids. 

Briefly, middle oil may be refined as follows: Chill the oil and 
drain the liquid portion from the naphthalene. Redistill in a similar 
manner as tar is distilled, using a still with a dephlegmating head. 

The fraction collected between 165° and 200° C. is termed “ car- 
bolic-acid oil” and is treated further for the acid. It has a specific 
gravity of 1.0 to 1.005 and contains considerable naphthalene. The 
fractions obtained may be, approximately: 
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Fractions from middle oil. 


Per cent. 

Up to 150° or 165° C., when no more water comes over (used as crude 
DeNZ0l) seonc semsn nas ee ecesasgasssus met adeutasse chews anasdsoeceS l1to 4 
165° to 200° C. (earbolic-acid oil) -----.-------L-_------------------- 18 to 22 
200° to 220° C. (naphthalene oil)_------___-___-_----------------_-- 25 to 45 
Residue (and loss 1 to 2 per cent) ---------------------------------- 56 to 29 


The naphthalene oil is chilled and centrifuged ; containing 25 to 30 
per cent of tar acids (mostly cresols) and is sold as “crude com- 
mercial carbolic acid.” The residue may be used in preserving oils, 
creosote and similar crude products. The carbolic-acid oil fraction 
collected between 165° and 200° C. is separated from naphthalene, 
then washed or agitated with a warm solution of caustic soda, which 
unites with the acid to form a water-soluble compound. After it 
settles this compound of carbolic acid and soda—sodium phenolate— 
is separated from the remaining oil, treated in the same manner as 
before with the proper amount of sulphuric acid, and evaporated to 
the proper concentration. The tar acids liberated are separated after 
settling as “crude carbolic acid,” which is distilled. The fractions 
collected are as follows: 


Fractions from crude carbolic acid. 


Up t0 1807 C2 os. 225 a8 2 toe tee eae Chiefly water. 
180° to 200° or 205° C___------_--_----------_--. Main carbolic acid fraction, 
205° «40 220" °Os-22~ gases asdeticc chackacsc Sse Chiefly cresols. 

The range of crystallization of carbolic acid is from the 180° to 
the 205° C. fraction. The carbolic acid is not absolute phenol yet, 
being contaminated with some cresol. Further fractionation of the 
crystallizable portion—closer to 182.6°, the boiling point of phenol— 
yields pure carbolic acid. The mother liquor draining from the 
crystallized acid in the crystallization tanks is chiefly cresol and is 
used in making various disinfectants and antiseptic washes and in 
preparing pure cresol. 

Pure phenol (U.S. P.) contains not less than 97 per cent phenol; 
jt occurs in colorless needle-shaped crystals or as a white, occasionally 
reddish, crystalline mass; it has a characteristic, somewhat aromatic 
odor. An aqueous solution (1 to 15) is clear. Phenol melts when 
gently heated, the congealing point being not below 38° C. and liqui- 
fies on the addition of about 8 per cent water. Ten grams heated on a 
water bath volatilizes without leaving more than 0.05 gram residue. 
The vapors are inflammable. 

The alkaline—caustic soda—washings of the lighter tar distillates 
contain, when refined, considerable proportions of tar acids; these 
are usually added to the crude product from the middle oil and refined. 
The presence of these acids, particularly in light oil, is to be expected 
when the latter fraction is collected between 170° and 210° C. 
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A commercial crude cresylic acid is prepared during the manu- 
facture of refined carbolic acid or phenol. The fractions, which 
have a higher boiling point than desired in the phenol fraction, ob- 
tained from redistillation in the recovéry of phenol, are rich in cresols 
and are further refined for a purer product. Different qualities of 
mixed cresols are on the market and almost any grade can be pur- 
chased on specification. Some of the commonly marketed products 
are: Cresylic acid, 50 per cent; cresylic acid, 95 to 97 per cent, dark; 
cresylic acid, 97 to 99 per cent, straw color; and cresol, U. S. P. 

Cresylic acid is a name commonly applied to the different tar acids, 
chiefly or entirely cresols, that boil above 185° C. The lower grades, 
however, often contain appreciable amounts of phenol. The United 
States Pharmacopeia defines “cresol” as a mixture of isomeric 
cresols obtained from coal tar. Its specific gravity is 1.03 to 1.038 
at 25° C. Not less than 90 per cent by volume distills between 195° 
and 205° C. It is a colorless or yellowish to brown yellow, highly 
refractive liquid, becoming darker or assuming a reddish tint with 
age and on exposure to light, and having a phenol-like, sometimes 
empyreumatic, odor. 

In preparing cresol the acid is air blown in order to remove some 
of the sulphur compounds and other impurities that impart a disagree- 
able odor. 

The various tar acids described are used in the preparation of 
numerous germicides and antiseptics, in the manufacture of other 
chemical products, in soaps and soap preparations, and in numerous 
other specialties. 

NAPHTHALENE. 


The solids crystallizing from the crude distillates of coal tar and 
from some of the distillates obtained during the rectification of 
benzol, naphtha, and tar acids are chiefly naphthalene and naphtha- 
lene compounds. These solids are freed from oil as far as possible 
by settling, chilling, and draining. The solids remaining are pressed 
in a hydraulic or similar press to extract the oil which they still 
retain. The name “crude naphthalene” is applied to the solid ma- 
terial that has been separated from oil by chilling and draining and 
sometimes is applied to the product from the press. 

A purer product is obtained by hot pressing, which consists in 
pressing molded cakes of the crude naphthalene in a press having 
its plates heated, usually with steam. The naphthalene obtained is 
fairly satisfactory but is not absolutely pure. It is not snow white 
but pinkish, in which form it has many uses. Pure naphthalene 
is obtained by refining. 

Commercially pure solid naphthalene is prepared as follows: The 
cakes from the hot press are broken up and washed with a hot 
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caustic-soda solution in a closed tank or kettle provided with an 
agitator and a steam connection for heating. The naphthalene is 
here fused and freed from the tar acids which combine with the 
caustic soda. The wash solution is drained off and the residue in the 
kettle is given a hot wash, which is followed by a washing of strong 
sulphuric acid, several washings with water, and a wash with a weak 
solution of caustic soda, which is followed by a water wash. This 
washed hot naphthalene, now liquid, is distilled in the same way as 
middle oil. The fraction coming over above 210° C.—usually up to 
225° or 230° C.—may be molded directly as solid naphthalene. 
Flake naphthalene is prepared by subliming the cake from the hot 
press or sometimes that from the cold press. In addition, the prod- 
uct obtained by centrifuging the solids from the crude distillates is 
sometimes used. A _ fine 
grade is obtained by sub- 
liming the wash product 
from the hot press as pre- 
pared for distillation. 
Sublimation is a simple 
process, the naphthalene 
‘being heated in shallow 
pans by a steam coil or 
other suitable means and 
the vapors being condensed 
in a large special chamber 
or room (see fig. 10). The 
naphthalene thus condensed 
forms a deposit on the 
walls, ceiling, and floor of 
flufly white flakes, which "tte 10—Namhtalene amber, showing. dake 
have a characteristic pene- 
trating odor and are insoluble in water. Naphthalene is soluble in 
ether, alcohol, benzene, toluene, and the essential oils. 


ANTHRACENE. 


Anthracene is not usually produced in small tar works except as 
it exists in the anthracene-oil fraction obtained in distilling tar. 
In such plants it is common practice to include this fraction with the 
creosote fraction, thereby enhancing the value of the latter as a wood 
preservative. 

The crude product is obtained by cooling the anthracene-oil frac- 
tion and allowing the solids to separate and the oil to drain off. 
After the oil is drained from the solids, the latter are bagged and 
pressed or “ whizzed” (centrifuged) to expel the oil still retained 
with the solids. This crude enthracene is usually sold as such. It 
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amounts to about 5 or 10 per cent of the total distillate fraction from 
which it was obtained and contains approximately 15 to 35 per cent 
of anthracene. Different tars yield different amounts of anthracene. 
To purify the crude product further, it is either ground and agitated 
with hot solvent naphtha and drained, or is‘washed in a whizzing 
process with solvent naphtha. The dried product made in either 
way contains approximately 70 to 80 per cent of anthracene. 

A high-grade commercial anthracene is sometimes prepared by re- 
distilling the crude anthracene oil obtained in the distillation of tar 
and separating a fraction that includes the distillate with a specific 
gravity higher than 1.07 at 60° F., the change or “ cut” being made 
when the distillate coming over has a specific gravity of approxi- 
mately 1.25 to 1.30 at 60° F. This fraction is cooled, drained of oil, 
pressed and washed, and sometimes sublimed. The sublimation proc- 
ess is like that employed for purifying naphthalene except that the 
inclosed anthracene pans are heated by direct fire and superheated 
steam ‘is blown directly on the melted anthracene and a water spray 
is used to condense the product. The commercial grade of anthracene 
is known as 80 per cent anthracene. Its further treatment is left to 
the alizarin works or other chemical plants. 


SPECIFICATIONS. 


The necessity for the various, and, in many cases, widely different 
specifications for certain tar products is evident from the many 
varieties of tar, all giving more or less similar products on distilla- 
tion, and from the many ways in which these tars are distilled, frac- 
tionated, refined, and mixed. When a complex product of tar is 
required and its most desirable and least desirable components are 
known, it is natural for the consumer to include in his specification 
the maximum amount of the desirable ingredient that the manu- 
facturer can produce and to exclude excessive amounts of the un- 
desirable. These limiting figures have been a benefit to the tar in- 
dustry rather than a hindrance, since they have developed research 
into further uses and have increased our knowledge of the properties 
of these products. 

Specifications are drawn up for definite purposes and have definite 
meanings, some of which are not always evident to the casual reader. 
For example, a particular timber preservative may be defined as con- 
taining a definite minimum amount of matter insoluble in solvents 
such as hot benzol. This is in fact a way of limiting the proportion 
of free carbon that will be tolerated in the required product, free 
carbon being the only likely ingredient insoluble in hot benzol, and 
shows the tar distiller at once how much tar, if any, can be added to 
pure creosote oil and still have the product comply with the specifica- 
tions. The full meaning of a specification can be appreciated and 
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understood only by knowledge of the properties and uses of the 
various products and their ingredients. 

Although specifications, with their frequent revisions, are becom- 
ing more definite and restrictive, thus limiting the use of the indi- 
vidual ingredients, the efforts of the tar distiller to produce the 
maximum possible amount of some products tend to neutralize the 
ill effects of restrictions. An example is the increased percentage 
of coal tar permissible in some wood-preserving oils as the dis- 
tiller has used filtering or centrifuging to remove the objectionable 
free carbon. When the only limiting factor regulating the addition 
of tar is that the oil must contain, for example, not more than 2 per 
cent of free carbon, it is evident that such oil could not contain more 
than 10 per cent of a tar containing 20 per cent of free carbon. If 
the tar is filtered while hot and its free carbon content reduced to 
6 per cent, not more than 33 per cent of it can be used. 

The manufacturer of creosote desires to limit the use of coal tar, 
primarily because he knows the difficulty in obtaining the required 
penetration and saturation when much is present; and realizes that 
the free carbon in the tar is largely the cause. The tar distiller, in 
eliminating free carbon, not only makes possible the use of a larger 
proportion of tar but does so in a way that makes it impossible to de- 
termine from the per cent of free carbon in the finished product what 
percentage of tar is present. If it is desirable for other reasons to 
limit the percentage of tar allowable, additional regulations are im- 
posed, such as limiting the amount, the physical properties, and maxi- 
mum specific gravity of the residue remaining above defined tem- 
peratures on distillation. With other products as well, adulteration 
is prevented and purity obtained by specificying boiling points, spe- 
cific gravity, solubility, volume of fractions at given temperatures 
that are obtainable on distillation, color, odor, and viscosity. 

To manufacture tar products that comply with some specifications 
is not difficult, but occasionally a specification compels the distiller 
to use his utmost skill to produce the grade or quality specified. 


SPECIFIC GRAVITY. 


One of the simplest methods of designating certain crude tar dis- 
tillates is by defining the specific gravity of the fraction required. 
Under the circumstances, it is only necessary for the still operators 
to separate a fraction with the specific gravity named. If it is de- 
sirable to make more than a normal output of this product it is only 
necessary to add to the separated fraction a quantity of the fractions 
with a lower and a higher specific gravity. For example, if a crude 
distillate having a specific gravity of 1.02 is required, the supply can 
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obviously be increased by adding properly mixed distillates such 
as the following: 


Volumes of 
distillates 1 
and 2, re- 
Sp. gr. of | Sp. gr. of | spectively, 
distillate 1. | distillate 2.) which have 
a sp. gr. of 
1.02 when 
mixed. 
1.06 1,00 lto2 
1,06 1.01. 1to5 
1,05 1.00 2to3 
1.05 1,01 lto3 
1,04 1,00 ltol 
1.04 1.01 lto2 
1,03 1.00 2tol 
1.03 1.01 ltol 


For quickly determining the specific gravity of an oil produced 
by mixing definite volumes of two oils of known specific gravities 
the following diagram may be of assistance: 


1.00 —— —> 04-4 
Ta te 
1.02 
1.06 — —_——— > .02->2 


The numbers at the left, above and below, represent the specific 
gravity of the oils to be mixed. The number in the center is the de- 
sired specific gravity of the mixture. The differences between the 
desired specific gravity and that of the oils to be mixed are ex- 
pressed by the numbers at the right, which are printed diagonally 
opposite the specific gravity of the respective oils. The large arrows 
point to the relative amounts by volume of each oil required to pro- 
duce the desired mixture. 

This amount multiplied by 100, designated by small arrows, gives 
in whole numbers the relative amounts of the oils that when mixed 
will have the desired specific gravity. Thus, in the example it can 
be seen that 2 and 4 parts by volume of oils having specific gravities 
of 1.06 and 1.00, respectively, will produce, when mixed, an oil hav- 
ing the specific gravity 1.02, 


BOILING OR MELTING POINT. 


Another simple specification is exemplified by designating an oil 
by its boiling point or melting point. In general, the lighter oils have 
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a lower boiling point than the heavier ones and the lighter constit- 
uents must be removed by distillation or otherwise until the product 
has the desired boiling point. Mixing some of the low-boiling frac- 
tions with varying proportions of a much higher boiling fraction 
yields a product with an intermediate boiling point. 

The melting point commonly used in specifications for such sub- 
stances as pitch and pitch products is another way of expressing 
the consistence of a pitch. The more oil distilled from them the 
harder they are and, correspondingly, the higher is the melting point. 
When the melting point is too high to pass the specifications, it is 
common practice to add enough liquid, or lower boiling, fractions to 
lower the melting point to the desired limit. Naphthalene, creo- 
sote oil, anthracene oil, or residue oils from the refining stills may 
be used. Anthracine oil or creosote oil is preferable, and napththa- 
lene is not to be recommended. 

Specifications for some of the refined products from tar also have 
a clause covering the melting point. 

As every pure chemical product has a definite melting point, the 
purity of commercial products can, to a certain degree, be estimated 
from such tests. The failure of a finished product to comply with 
melting-point requirements usually means that additional refining 
is necessary. Sometimes a specification calls for a product that 
when distilled to a given temperature will have a certain minimum 
or maximum amount of residue with definite characteristics. Thus, 
90 per cent benzol has a residue of less than 10 per cent at 100° C., 
motor fuel must distill to dryness at about 200° C., and a wood-pre- 
serving oil must have a residue not greater than 40 per cent at 355° 
C., and the residue must not be brittle. To comply with such 
specifications it is necessary in distilling to so collect the various 
fractions that a preponderance of the undesirable high-boiling or 
low-boiling substances is not present in the finished product. For 
example, should the residue of the wood-preserving oil be greater 
than 40 per cent at 355° C., it is necessary to add enough oil that will 
distill below 355° C. to the product to reduce the residue to the de- 
sired amount on distillation. Brittleness of the residue usually indi- 
cates a high percentage of free carbon, which may be decreased by 
reducing the percentage of tar in the mixture or by using a “low 
carbon ” tar. 

FLASH POINT. 


The “flash point,” that is the lowest temperature at which the 
vapors arising from an oil will ignite from a small flame and go 
out without igniting the oil, is used in specifications to control the 
proportion of low-boiling combustible ingredients. The distiller who 
is acquainted with the flash point of the numerous distillation frac- 
tions can control this factor by making “ cuts” at the proper time. 
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In general, the flash point is lowered as the per cent of low-boiling 
oils in a given mixture is increased, and vice versa. The flash- 
point test of a dip paint to be used warm is of value in determining 
whether or not the paint may be safely used indoors; the test is 
also of great value in specifications for motor fuel, creosote preserva- 
tive, solvent oils, pitch preparations, and similar products. 

When a product with a certain fluidity at a stated temperature is 
desired, a viscosity stipulation is inserted in the contract. In general, 
distillates of low specific gravity are more fluid than distillates of 
high specific gravity, although this is not universally true as the 
temperature and other factors affect fluidity. 


MEETING SPECIFICATIONS. 


When a number of limiting factors are included in a single speci- 
fication, it is sometimes more difficult to make the adjustments or 
changes that will give the material the specified properties. A change 
in the proportions of the ingredients in a mixture will probably 
change more than one of the properties of the mixture. The writer 
can not give a method of manufacture that will apply to the specifica- 
tions covering all tar products, but. can show by example some of 
the considerations involved in manufacturing products to comply 
with specifications. 

Assume that a bituminous concrete tar is required to meet the 
following specifications: 


ZL. Shall not. foam ats... -2-2s>s--522 2 sessescaseancsencsee Oc 150 
2. Specific gravity at 25° C. (77° F.)---------~..-_=---=...-..... 1. 20 to 1. 30 
8. Bitumen soluble in carbon bisulphide, not less than___per cent__ 85 
4. Distillation yield to 170° C_---_-_-------_----------__-_ Nok 0.0 
Distillation yield 0° to 270° C., not more than__----_-__- dol___ 10 
Distillation yield 0° to 315° C., not more than________-__ do____ 20 
5. Distillate, total specific gravity at 25° C___---___-__-_________ 1. 03 
6. Distillation residue—melting point, cube method, not more 
than -2s=-s22-s2ancacncen os Soe bassessnee eee teeazes © eae 75 


Here the product required is evidently a soft pitch, as the residue 
from distilling off less than 20 per cent at 315° C. has the melting 
point of a hard pitch. The specific gravity of the distillate, ac- 
cording to item 5, is 1.03, and it comes over above 170° C., hence one 
may conclude that no light oils are present in appreciable amounts 
and that the product is, perhaps, a tar that has been distilled to 
about 200° C. That it is free from water is shown by its not foam- 
ing at 150° C. An average coal tar distilled to about 200° C. would 
have a specific gravity within the limits prescribed, although for 
some tars it might be below the lower limit. The maximum amount 
of free carbon allowed is 15 per cent, as at least 85 per cent of the 
product is soluble in carbon bisulphide. Accordingly, one may esti- 


Google 


REQUIREMENTS FOR SPECIAL OILS. 69 


mate that the original tar contained 12 per cent of free carbon, for 
about 20 per cent of the original tar has been removed as light oils 
in preparing this product. 

In “ working up” a tar for the first time into a product of this 
nature, it is well first to distill a sample on a laboratory scale, often 
saving considerable work thereby, for after a product is prepared 
and is found to be lacking in some qualities, further treatment is 
not always easy. 

In preparing this road tar, it is essential that the original tar 
contain less than 12 per cent free carbon or that it, or part of it, 
should have some of the free carbon removed. When free from 
water the product will not foam at 150° C. The finished product 
can easily be made to have a specific gravity within the limits given 
by “cutting back” pitch with heavy oils. No minimum limits of 
the yield on distillation are set, therefore there is considerable leeway 
for the manufacturer in adding the oils that will give the required 
specific gravity. Should the fractions coming over on distillation 
be greater than prescribed, the addition of harder pitch, which con- 
tains practically no oils distilling at the temperatures given, will 
remedy the defect. Under normal conditions the total distillate 
will have a specific gravity of 1.03, but should it be too low, the addi- 
tion of high-boiling oils such as creosote will remedy this defect. 
When honestly prepared, a product that complies with the first five 
requirements will usually comply with the sixth as well. However, 
when an attempt is made to “cut back” a very hard pitch with a 
little middle oil or light oil, the distillation will probably yield a 
residue with a melting point above the limit of 75° C. 

An additional requirement is sometimes added in specifications for 
such a material, namely, viscosity. In general, there is no difficulty 
in obtaining a product with the viscosity usually specified, for small 
additions of oil make the product more fluid. The oil used depends 
on the quantity distilling at the temperatures named, 270° and 
315° C. Some manufacturers have used naphthalene to control 
viscosity. A small amount of naphthalene will materially alter the 
viscosity of a pitch of a given melting point, but the addition of 
naphthalene in appreciable proportions is not to be recommended. 


REQUIREMENTS FOR SPECIAL OILS. , 


In specifications for creosote oil or for wood-preserving oils a 
number of requirements are included, all of which help the manu- 
facturer to understand what fraction or fractions are wanted. The 
stated requirements for specific gravity and distillation range 
show how the distillates from tar must be separated at the siill. 
The maximum amount of light oils that is allowable can also be 
estimated roughly. The free carbon and the residue requirements 
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show clearly how much tar may be added; the specific gravity also 
limits the proportion of tar. The percentage of tar acids required 
and allowed designates whether or not an oil that has had the acids 
removed can be used and whether crude acids can be included as a 
considerable part of the oil. The acids normally present‘in the 
high-boiling distillates are usually desirable in the proportions as 
found, but the presence of an undue amount of phenol is said to 
have a deleterious effect on the wood treated. The amount of 
naphthalene permissible is sometimes limited to prevent the wholesale 
“dumping” of this product, which is sometimes unsalable, into the 
oil, where a large proportion of it is undesirable. Adulteration 
with mineral oils is guarded against by specifying the minimum 
specific gravity of the fractions obtained on distilling a sample, by 
the amount of matter unsaponifiable by sulphuric acid and caustic 
soda, and by the odor during distillation. ° 

One specification previously mentioned requires an oil that is a 
pure distillate from coal tar, with a specific gravity of 1.08 to 1.12 
at 25° C. and not more than 1 per cent of matter insoluble 
in hot benzol and chloroform. Regardless of any other require- 
ments, it is evident that when tar is distilled as described to 
produce a medium pitch a very small fraction is obtained with a 
specific gravity above 1.08. Apparently, either anthracene oil or 
a mixture of this oil with the last creosote coming over during the 
distillation of tar is desired; to produce a small amount of this, a 
large amount of tar must be distilled. The endeavor to increase 
the production of this oil has led some manufacturers to add to 
creosote oil an appreciable percentage of tar containing practically 
no free carbon; thus the specifications are complied with fully 
except the requirement that “the oil shall be a pure distillate of 
coal tar.” Strict requirement may be accomplished honestly and 
the production increased by distilling the tar to a very hard pitch 
or carbonizing it. The price obtained for the oil and for the re- 
sulting hard pitch or coke is one of the controlling factors that 
determine how best to prepare these oils. 

Some specifications stipulate products that are practically impos- 
sible to prepare. Such specifications usually are drawn up by inex- 
perienced men and can be altered. An example is the specification 
of a low-gravity oil with only high-boiling fractions and a large 
residue over 355° C. and vice versa. Again, the quantity of distillate 
obtained at different temperatures may not be compatible with other 
specified requirements. As a rule their incongruities are quickly 
recognized when the properties of the tar employed to manufacture 
the specified products are understood. 
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CARBONIZATION OF COAL TAR—DISTILLATION TO COKE. 


When coal tar is distilled to a soft pitch, the volume of pitch pro- 
duced is approximately twice that of the oil distillates. Coke-oven 
tars and vertical retort tars do not yield so high a percentage on 
distillation. As there is a greater demand for the oil than for the 
pitch, it is desirable to increase the percentage of oil, simultaneously 
reducing the quality of the pitch. In some plants this is being 
accomplished by making a very hard pitch which is subsequently 
powdered and used as fuel; the yield of oil is thus increased from 
32 per cent of the tar to 50 per cent of it. 

By distilling at a red heat to a solid residue, coke yield of oil is 
still higher, and the coke is a correspondingly smaller percentage of 
the original tar. In making such a distillation—that is, coking the 
tar—the author’s results in a small 6-ton still checked very closely 
those in the laboratory. The following table shows the plant results 
obtained in each process with the same quality of retort-gas tar: 


Tasie 9.—Yield from distillation of coal tar. 


Distilled 


toa me- | Distilled 
Products obtained. dium soft] toa coke. 
pitch. 


Per cent.| Percent. 


2 2 
27 61 
70 0 

0 30 

1 a7 

100 100 


@ Lunge reports a loss of more than double this amount. 


It can be seen that the percentage of high-boiling substances re- 
covered when coke is produced instead of pitch is increased decidedly. 
A rather large proportion of this increment is solid; it is pasty. 
greasy, flaky, and resinlike as it comes from the still. The color 
of the distillate coming over is greenish red early in the distilla- 
tion, but later is yellow, orange red, and maroon. The color changes 
may differ somewhat when other tars are distilled. 

The total distillate from distilling coal tar, not pitch, to coke is 
a heavy, rather viscous liquid at 25° C., and at room temperature 
20° C. Tests by the author gave the following results: 


Properties of total distillate, 


Specific gravity at 25° C., 1.085. 
Distillation of 100 grams in an 8-oz. retort (thermometer bulb 3 inch 


ubove level of liquid) gave fractions: Per cent by weight. 
UE 70 8 15 A @ RRR ne eee ee ef 0.00 
1G0it0' 210%; Oko. Sh eke hs ee ean eke knees 9. 00 
210) t6°285".Gz, (00)) 2 ee ctasanncen vacascceacceaasseaceseeSesets 8, 22 
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Distillation of 100 grams in an 8-oz. retort, etc—Continued. Per cent by weight. 


239 ito S15* ONG) SONG) 2-2) s~s28 2 = ees eo cseccesetescen cee tees 36. 43 
B15) to--855° ‘Os. (pasty)...2 o-- noc 2 ee ae anes ose cues 13. 95 
Residue (very soft) --.._--..-_-__------_------------_-.--_-_-_--___ 41. 00 
DOSS) oi52 52550 s20a5s2 Sena a ene pte AR Saes Stee en MCSaZES . 40 
otal) —ssse secs boeskex.aastaces ns ts ata anos Ses et 100. 00 


The light oils come over at a higher temperature than when the 
total distillate obtained in the production of medium pitch is dis- 
tilled. The total distillate of which the analysis has just been given 
will comply with many specifications for timber-preserving oil with- 
out further change or addition: thus the supply of oil for timber 
preserving is increased greatly. When this tar is distilled to a 
medium pitch, only about 10 to 20 per cent. of the original tar is 
considered suitable for timber preserving. When coke is made, how- 
ever, over 60 per cent of the original tar may be so used, or rather 
will “ pass the specifications.” This differentiation is made because 
the light oils that are apparently not present by analysis are actu- 
ally a part of this oil but distill at higher temperatures. 

The coke from this process is open, porous, firm, and hard, either 
silver gray or shiny black when thoroughly heated to a red heat dur- 
ing distillation. It kindles easily and makes an excellent smokeless 
fuel. An analysis of the coke obtained above is as follows: 


Analysis af coal-tar coke. 
Ter cent. 


Moist re (no St eS 1.0 
Wolatile: @ ice oes eee sop ee ee ee ccsnnsascsace webSennsctuces 2.0 
Fixed) Carbon: 222225 5e22sosceccanca thensstandcsasaessp a stccsesennnses 96.5 
WABI) 5 8 oo Soe en En en ee oe Ee oe SE oa nonpeuaeeecon 5 

100. 0 


The preferred way to manufacture coke from tar seems to consist 
of distilling tar to a hard pitch in the usual way and then running 
the pitch into carbonizing stills, which may be cast-iron or refractory 
ovens, where the distillation is continued to coke. Wrought-iron or 
sheel-stee] stills buckle and deteriorate rapidly. 

The experimental tar still used for distilling and coking tar in the 
laboratory is shown in figure 11. It is made of pipe and fittings and 
can be assembled readily or taken apart and cleaned. Almost any 
size of screw pipe may be used in making such a still, although 
3, 4, or 6 inch pipe seems to be best. The offtake pipe should not 
be less than one-half inch in diameter. Gas burners of the Bunsen 
type are satisfactory for heating. 

In using this apparatus allowance must be made for frothing; 
therefore the still should be filled only about one-half or two-thirds 
full of the tar. The temperature should be raised slowly, particu- 


17 Moisture could not have been present in the coke as made. 
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larly until all the water has distilled. During the early stages of 
distillation the delivery pipe may have to be cooled slightly to con- 
dense the low-boiling oils. A condenser is not necessary, however, 
unless the rate of distillation is very rapid and the tar contains 
considerable water or a high percentage of low-boiling oils. 

Do not permit the offtake pipe to become cold enough to permit 
congealing of the naphthalene and anthracene fractions. It is neces- 
sary to warm the offtake or delivery pipe during the latter part of the 
distillation to prevent plugging by the congealing of high-boiling 
fractions. It is well to use a shield of sheet asbestos over the top of 
the still during distillation. 


Fieurns 11.—Simple experimental tar still made from pipe and fittings. 


WATER-GAS TAR. 


In the manufacture of water gas, wherein coke is the main gen- 
erator fuel, the tar that is produced is entirely a result of the crack- 
ing of mineral] oil in hot carbureting or checker chambers. The qual- 
ity and quantity of tar thus produced depend chiefly on the kind and 
quality of oil used, the temperature in the carbureting chambers, the 
length of time the oil vapor is in contact with the hot brickwork in 
the carbureting chambers, and on the atmosphere in which the oil is 


‘cracked. Obviously, then, when all kinds of oils are used separately 


for this purpose, many different grades of tar will be produced. 
Therefore it is unjust to condemn water-gas tar for certain purposes 
until full information on the tar is obtained. 

Water-gas tars ordinarily have a low specific gravity and contain 
very little free carbon. Paraffins are nearly always present, fre- 
quently in rather large proportions, whereas phenols, tar acids, are 


‘present only as traces, if at all. 


For many uses to which coal tar and its products are put, water- 
gas tar and its products are apparently unsuitable, but they should not 
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be condemned for all purposes requiring a tar or tar product. Stand- 
ards giving a tar its high value have changed from time to time and 
will probably change more. At one time it was thought that car- 
bolic acid in coal tar and in heavy oil made these materials particu- 
larly valuable for wood preserving; now it is recognized that phenot 
does not exist in wood very long after treatment. Likewise, the low 
free-carbon content of water-gas tar was considered detrimental, but 
many high-grade by-product coke-oven tars have a still lower aver- 
age content of free carbon. Some investigators have reported water- 
gas tars as containing no paraffins, bases, or phenols and little free 
carbon. The wide variations in important properties existing be- 
tween water-gas tars made with the various oils no doubt occasions 
much of the discrimination against water-gas tar. However, it may 
be said of water-gas tars in general that they are separated from 
water with difficulty; their pitch is small, easily fusible, and readily 
affected by temperature changes; they contain paraffins, whose pres- 
ence increases the difficulty of recovering anthracene, and phenols 
in minute quantities; and their free carbon content is very low. 
These tars are used as liquid fuel, for “cutting back” coal-tar pitch 
to make liquid fuel, for the preparation of waterproofing paints, for 
road tars, and as fuel for Diesel engines. - 

The waterproofing qualities and low free-carbon content of water- 
gas tar would seem to make it very suitable for mixing with coal-tar 
creosote in preparing wood-preserving oil. Nevertheless its ex- 
clusion from such products is usually specified. 

In some parts of the country where bituminous coal is used as 
fuel in water-gas generators the tars produced have still different 
properties. They are heavy, very viscous, easily separated from 
water, yield as much pitch as coal tar, and contain as much free 
carbon as coke-oven tar, or more. 

Uniform methods of operation with coal fuel have not yet been 
adopted, hence a “ blanket ” recommendation or condemnation of all 
such tars can not be given. 

Table 10 gives analyses of water-gas tars from coal and from coke 


fuel. 


TABLE 10.—Principal differences in the composition of various water-gas tars. 


Sample Sample Sample 
1. 2. 3. 
Method Of Operating: ..<csccoaecs tess acsetensdnreceeasee aesescosa Without | With blow Coke. 
blow run. run, 
Dit UCT s Renee ee Pree Pry eer eres ere rie meret rower sty Pra er Bituminous |Bituminous Regular. 
coal. coal. 
Byer BUTS. BY Cr. s25 cere esGact eset ead celts star etessecsacaseseee 1.17 1.16 1.055 
Bre@carbon s sca cece sce acs csc vaaie sees snes ewaeneceee's per cent.. 9.14 4.85 Trace. 
MGISHUIPG oc cont y cece ete dpemewers socasesctauanas snaaseic ce do... 8.40 3.00 3.00 
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Distillation of dry tar.* 


0.0 0.0 0.2 

8 0 1.2 

4.3 1.6 15.7 

9.8 7.2 18.7 

15.3 9.1 20.6 

6 69.4 82.0 b 38.8 

4 4 1 4.8 

Mota s Dio 2' ea adee td es sssdues skabasenOaegseknassaasheagcsenasdpes eye 100.0 100.0 100.0 
‘TOF ACIGS; POT GONE a sow cna ccowecnmseebeansctronesscactesatanese Trace. .0 -6 


« The distillations were made in a 500 c. c. glass distillation flask, with the thermometer bulb at the 
a 
rittle. 


A demand for some of these heavy water-gas tars from bituminous 
coal as a road tar would probably arise if their properties were more 
generally known. Very little information is available on such tars, 
and to the writer’s knowledge only a few different oils have been em- 
ployed for carbureting. How wide will be the variety of tars when 
different gas oils are employed under different operating conditions 
remains to be seen. 

COST AND YIELDS. 


Operating costs only are considered here. In deriving them cer- 
tain assumptions are made, these being based on actual conditions in 
operating plants. It is obvious that costs are lower in a large than 
in a small plant, for the efficiency usually is greater and fuel econo- 
mies are made that are impossible in small works. In a small plant 
with a 6-ton coal-fired tar still where coal costs $4 a ton delivered 
and tar 5 cents a gallon, the actual plant costs for labor and materials 
will be approximately as follows: 


Costs at a small tar distillery. 
1,200 gallons (12,000 pounds), at 5 cents per gallon_ $60. 00 


Tar distilled per day 


Fuel for still—1 ton of coal, at $4 per ton_-_-_---------_-------------- 4. 00 
Fuel for boiler—3 ton of coal, at $4 per ton_-----------------_------- 2.00 
Labor—engineer and helper____------------------------------------- 10. 00 

Total :plant, costs... -<.2=2s--...5---2.- 25-2 snes eea-uass- 76. 00 


The yield from distilling 1,200 gallons of coal tar is approximately as follows: 


Distillation products from 1,200 gallons of coal tar. 


Approx- 
A peecme imate 
yield, | Specific 
gravity. 
Gallons 
NV OtOE Bit) Ong oo Adega cae Vind eddies cass seksayeesegdvecseedvivesnethawutseaeaesese bt eens es 
CPUGEDADNERA Ces iecesescescaanetrsvesee rans chetecsee tonsa sy teases Las Paces wastes j 25 0.915 
Tighe Ol. Sacisscdwaegesacesestes engin sctcapesd dap acacsese tate ra cteceuspen 50 «985 
GCarbolic Ol. ...6660cc65 cc icasss | 60 1.015 
Creosote to a medium soft pitch 190 1.05 
Pitch (8,940 pounds).......... GAD) | 5 ciesaezss 
DOG. 5ccc:cenac desc svekassersdesissasie lise os sues seeder SAsace tae cacdaagawanchicrs 1, 200 


76 


TAR AND ITS SIMPLE CRUDE DERIVATIVES, 


The average cost of oil and pitch per gallon is, then, $76.00—1,165, 
or 63 cents. Pitch is usually sold by the ton or by the pound, and 
consequently the cost computed is $12.21 per ton of 2,000 pounds. 
Although this is the cost of pitch in bulk, the cost in open-head 
barrels is not appreciably greater, for tar is usually sold on the basis 
of gross weight, including the container. 

The costs of the paints, stains, disinfectants, road tars, and other 
tar products discussed in this paper can readily be calculated from 
the above statement by making proper allowances for the steam, fuel, 
and labor required in their preparation. 

Overhead expenses, repairs and maintenance, and other fixed costs 
are not included in the figures presented here, as they are not the 
same in any two plants. 


Tape 11.—Fractionation. of coal tar and some refined and intermediate prod- 
ucts obtained. 


Firstcrude distilla- | Light oil. Middle oil (car- | Heavy oil (creosote | Pitch. 
tion of dry tar. bolic oil). ota anthracene 
oil). 
Distillationtemper-| Up to2000r210°C.| 210 to 240° C. 


atures. 
Percentage in tar. 


Approximately 5 


Approximately 5 


240 scales Above 315° C, 
315°C. 


Approximately 20] 50 to 70 per cent by 


0 10 percent by to 10 percent by to 30 per cent by volume. 
volume, volume, volume, 
Crude commercial} Benzol, solvent Creosote oil. | 
products and} naphtha, motor ah Roofing tars,| Pitch ce- 
Their uses. fuel, solvents, Crude carbolic | Road oil, | Paving tars. ment, 
acid, disinfect- wood-pre- paints. 
ants. serving oil. 
Intermediate prod- | Benzene, toluene, | Phenol, naphtha- | Cresol, naphthalene,| Soft, medium, or 


ucts by washing 
and distillation or 
by expression. 
Intermediate chem- 
ical products. 


Refined chemical 
products and 
and their uses. 


xylene. 


Nitro-benzene, an- 
iline salts, ani- 
line oil. 


Nitrotoluene and | 
otheringredients | 
of explosives, 
anilinedyes, hy- 
droquinone and 


lene, heavy hy- 
drocarbons, cre- 


sol. 

Carbolic acid, pic- 
rates, phthalic 
acid, naphthols, 
naphthylamine, 
salicylic acid. 

Picric acid, pic- 
rates, and other 
nitrocompounds 
for explosives: 
naphthol dyes 


other photo- and colors; arti- 
graphic sya ficialindigo: re- 
ers, drugs, medi-} fined  carbolic 
cines, acid. 


anthracene, heavy 
hydrocarbons. 


Anthraquinone, ali- 
wearin. 


Alizarin dyes. 


hard pitch, coke. 


VALUATION OF COAL TAR. 


The price that the distiller must pay for coal tar is a matter that 
is not always under his control, but the relative value of tars at the 
same price or at different prices is something he must decide, par- 
ticularly when tar can be obtained from many sources and the supply 
is greater than the demand. The tar that is most valuable to a 
distiller in one place might not be exceptionally valuable to a distiller 
in another place, because the demand for certain tar products is not 
the same throughout the country. For example, a tar that yields 
much pitch is perhaps not considered as very high grade, particularly 
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in places where the market for pitch is poor, but in districts where 
pitch is in demand and tar oils are not, such a tar might be considered 
most favorably. Other factors of this nature must be considered in 
purchasing tar. When many products are prepared from tar, a 
laboratory analysis is necessary in assigning a proper value to a 
given tar, and even then the problem may not be so simple as in the 
example cited. 


TESTING AND GRADING TAR AND TAR PRODUCTS. 


Numerous methods of testing coal tar and its derivaties, some 
of which are recognized as standard for products used for a definite 
purpose, have been drawn up by various engineers, chemists, soci- 
eties, and committees. A series developed by the Barrett Co. has 
been published in the Journal of Industrial and Engineering Chem- 
istry.1* The method to be pursued in any particular case in testing, 
classifying, and grading tar products is frequently prescribed in 
the specifications for the particular products. Some of these special 
methods are given in other government publications, including those 
mentioned on pages 78 and 79. The tar tests which are most fre- 
quently made determine the specific gravity of the tar, the percentage 
of water present, the percentage of and character of the various frac- 
tions obtained on distilling the tar, the percentage of residue on dis- 
tilling the tar, the nature and consistence of distillation residue, the 
melting point of distillation residue, and the percentage of free car- 
bon present. 

Some of the foregoing tests are also made on the crude tar prod- 
ucts, with additional tests which determine principally the per- 
centage of solids at a given temperature, the percentage of naphtha- 
lene, the percentage of tar acids, the percentage of unsaturated com- 
pounds, the distillation range, color, odor, boiling point, physical 
appearance, viscosity, and flash point. 


CONCLUSION. 


In this bulletin the author has endeavored to discuss tar products 
in a general way. The yields and properties of the distillate frac- 
tions and residues from tar will, of course, vary with the kind and 
quality of tar distilled. For example, the distillate fractions from 
tar, particularly from a low-temperature tar, may represent a greater 
percentage of the original tar than is shown herein, and vice versa. 
Likewise, the price of tar is not fixed. Costs of all commodities are 


8 Weiss, J. M., Methods of analysis used in the coal-tar industry: Jour, Ind. and Eng. 
Chem., vol. 10, 1918, Part I, Crude tars, pp. 732-738; Part II, Distilled tars and pitches, 
pp. 817-822; Part III, Heavy and middle oils, pp. 911-916; Part IV, Benzols and light 
oils, pp. 1006-1012. 
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changing so rapidly that definite prices can not be given for the vari- 
ous tars. The price of coal tar once ranged from 3 to 4 cents a gal- 
lon and that of water-gas tar from 1 to 2 cents a gallon. In general, 
these prices do not exist at present (1921) except in long-time con- 
tracts that have not expired. Water-gas tar which was at one time 
considered next to worthless now commands a fair price. 


PUBLICATIONS ON THE UTILIZATION OF COAL. 


A limited supply of the following publications of the Bureau of 
Mines has been printed and is available for free distribution until the 
edition is exhausted. Requests for all publications can not be granted, 
and to insure equitable distribution applicants are requested to limit 
their selection to publications that may be of especial interest to them. 
Requests for publications should be addressed to the Director, Bu- 
reau of Mines. 

The Bureau of Mines issues a list. showing all its publications avail- 
able for free distribution as well as those obtainable only from the 
Superintendent of Documents, Government Printing Office, on pay- 
ment of the price of printing. Interested persons should apply to 
the Director, Bureau of Mines, for a copy of the latest list. 


PUBLICATIONS AVAILABLE FOR FREE DISTRIBUTION. 


ButiteTin 40. The smokeless combustion of coal in boiler furnaces, with a 
chapter on central heating plants, by D. T. Randall and H. W. Weeks. 1912. 
188 pp., 40 figs. 

Butuetin 58, Fuel briquetting investigations, July, 1904, to July, 1912, by 
C. A. Wright. 1913. 277 pp., 21 pls., 3 figs. 

BULLETIN 116. Methods of sampling delivered coal, and specifications for 
the purchase of coal for the Government, by G. S. Pope. 1916. 64 pp., 5 pls, 
2 figs. 

TECHNICAL Parser 9. The status of the gas producer and of the Internal- 
combustion engine in the utilization of fuels, by R. H. Fernald. 1912, 42 pp. 
6 figs. 

TECHNICAL Paper 50. Metallurgical coke, by A. W. Belden. 1913. 48 pp., 
1 pl., 23 figs. 

TECHNICAL Paper 80. Hand firing soft coal under power-plant boilers, by 
Henry Kreisinger. 1915. 83 pp., 32 figs. 

TECHNICAL Paper 89. Coal-tar products and the possibility of increasing their 
manufacture in the United States, by H. C. Porter, with a chapter on coal-tar 
products used in explosives, by C. G. Storm. 1915. 21 pp. 

TECHNICAL Paper 123. Notes on the uses of low-grade fuel in Europe, by 
R. H. Fernald. 1915. 37 pp., 4 pls., 4 figs. 

TECHNICAL PAPER 137. Combustion in the fuel bed of hand-fired furnaces, by 
Henry Kreisinger, F. K. Ovitz, and C. E, Augustine. 1916. 76 pp., 2 pls., 
21 figs. 
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TECHNICAL Paper 139. Low-rate combustion in fuel beds of hand-fired fur- 
naces, by Henry Kreisinger, C. E. Augustine, and S. H. Katz. 1918. 52 pp., 
9 figs. 

TECHNICAL PAPER 180. Firing bituminous coals in large house-heating boilers, 
by S. B. Flagg. 1917. 22 pp., 1 pl., 16 figs. 


PUBLICATIONS THAT MAY BE OBTAINED ONLY THROUGH THE SUPERIN- 
TENDENT OF DOCUMENTS. 


BuLLetTiIn 23. Steaming tests of coals and related investigations, September 
1, 1904, to December 31, 1908, by L. P. Breckenridge, Henry Kreisinger, and 
W. T. Ray. 1912. 380 pp., 2 pls., 94 figs. 50 cents. 

BuL_etin 24. Binders for coal briquettes, by J. E. Mills. 1911. 56 pp. 1 fig. 
5 cents. 

BULLETIN 27. Tests of coal and briquettes as fuel for house-heating boilers by 
D. T. Randall. 1911. 44 pp. 10 cents. 

BuLLetin 34. Tests of run-of-mine and briquetted coal in a locomotive boiler, 
by W. T. Ray and Henry Kreisinger. 1911. 33 pp., 9 figs. 5 cents. 

BuLLeTIN 87. Comparative tests of run-of-mine and briquetted coal on loco- 
motives, including torpedo-boat tests, and some foreign specifications for 
briquetted fuel, by W. F. M. Goss. 1911. 58 pp., 4 pls., 35 figs. 15 cents. 

Butietin 138. Coking of Illinois coal, by F. K. Ovitz. 1917. 71 pp., 11 pls., 
1 fig. 20 cents. 

TECHNICAL Paper 63. Factors governing the combustion of coal in boiler 
furnaces, a preliminary report, by J. K. Clement, J. C. W. Frazer, and C. E. 
Augustine. 1914. 46 pp., 26 figs. 10 cents. 

TECHNICAL Paper 183. New views of the combustion of the volatile matter 
in coal, by S. H. Katz. 1917. 15 pp., 1 fig. 5 cents. 

TECHNICAL Paper 195. The tars distilled from bituminous coal in hand-fired 
* furnaces, by S. Katz. 1918. 20 pp., 2 pls., 3 figs. 5 cents. 
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